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ABSTRACT 
 
This study presents the results of evaluation of safety measures inside electrical 
thermal power plants in Sudan. Safety in power plants is categorized in two 
types. One type is related to safety outside power plants, specifically pollution 
resulting from burning fossil fuels, while the other type is related to safety 
inside power plants, specifically safety of employees and the power plant itself. 
The current study is concerned with second category. The tools used in study 
included: questionnaires, field Inspection, noise level measurement and 
interviews with key employees in these plants. The evaluation results indicated 
that the overall safety performance index – which is estimated to be 0.56 – is 
below the recommended safety index, and that safety inside thermal power 
plants in Sudan is an issue of a great concern, and requires the attention and 
direct intervention of higher authorities to take further corrective actions to 
rectify the current situation.  
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Abbreviations 
 
 
AOEC                  Association of Occupational and Environmental Clinics 
 
BPP                      Bahri Power Plant 
 
BRPP                   Burrie Power Plant 
 
EPA                     Energy Information Administration 
 
GDNEC               General Department of The National Electricity Corporation 
 
GPP                      Garry Power Plant 
 
HSE                      Health Safety Executive 
 
MMTCE               Metric Tons of Carbon Equivalent 
 
NEC                     National Electricity Corporation 
 
NIESH                  National Institute for Environmental Sciences and Health 
 
NOISH                 National Institute for Occupational Safety and Health 
 
NEI                       Nuclear Energy Institute 
 
NWSSF                 North West Sinnar Sugar Factory 
 
OSHA                   Occupational Safety and Health Administration 
 
SCR                       Selective Catalytic Reduction 
 
UN                         United Nations 
 
UNCED                  United Nations Conference on Environment and Development  
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Chapter 1.0 
 
INTRODUCTION 
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1.1 INTRODUCTION 
 
Safety is the reduction of probability of risks associated with dangerous materials 
and preparations presented or likely to be present in the work place; the work 
activities involving them; and how they might fail and harm employees and the 
public, to the minimum practicable level. Therefore, safety could be preventive, 
detective, corrective or protective. It is a means of controlling the recognized 
hazard to protect people and properties against preparations that may harm or 
could cause harm to them. 
 
There is no exact date in recorded history to mark the start of the concern of man in 
safety. But, it is known that through ancient world history, man started to protect 
himself against a few and limited hazards surrounding him. For example, simple 
shoes of animal skin were made to protect the feet against thorns and sharp-edged 
objects. In addition, some times skin of animals was used to cover sensitive parts 
of human body. Natural caves were used as shelter during rough weather 
conditions. Other natural hazards which were mainly associated with natural 
disasters such as storms, floods, thunders and epidemic diseases, or dangers 
coming from the inside of earth like volcanoes and earthquakes were absolutely 
beyond the capabilities of the primitive 
 
The situation was greatly changed by the rapid and continuous progress associated 
with technology and the industrial revolution. Actually, the more technological 
progress achieved in any field of life, the more hazardous conditions are created. 
Millions of vehicles are now running on streets, thousands of jet liners are  in air. 
Manufacturers of vehicles, trucks, trains and air crafts are in continuous 
competition to produce the fastest. Nuclear, electrical, petroleum, chemical and 
other industries are everywhere. Every hour some people are killed in traffic 
accidents. Forty jet liners crashed through the past eight years. Trains collide or run 
out of rails. Passenger steamers sink from time to time. Two space shuttles 
exploded killing seventeen of space scientists. Chemical factories and gas tanks 
leak and explode. People – world wide - suffered from catastrophes caused by the 
progress in technology. Hazards tremendously increased, in and on land, in and on 
sea, in air and space. 
 
Atmospheric concentrations of several greenhouse gases (Carbon dioxide, 
methane, nitrous oxides and other man-made gases) have increased by about 25 
percent since large scale industrialization began some 150 years ago, as reported 
by Energy Information Administration( EIA), of US National Energy Information 
Center (NEIC) in a brochure released in October 2003 [11]. The concentration of 
greenhouse gases is believed to be caused by human anthropogenic activities. In 
particular, anthropogenic carbon dioxide emissions have increased dramatically 
since the beginning of the industrial age due to the burning of fossil fuels and  
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mainly in electrical power generation, see figure 1, (Trends in Atmospheric 
Concentrations and Anthropogenic Emission of Carbon Dioxide) copied from EIA 
report [11]. 
 
 
                                   
 
Figure (1), Trends in Atmospheric Concentration and Anthropogenic Emission of Carbon Dioxide 
 
 
Fires and explosions are two hazards present in electricity power plants, and 
Sudanese power plants experienced them in Burrie Power Plant and Um Badda 
Substation. The presence of inflammable materials (gas, diesel fuel, and paints), 
pressurized steam systems, electrical power and dangerous waste materials such as 
bagasse in some Sudanese power plants, create an explosive atmosphere. Such an 
atmosphere  - if reaches a certain level of concentration – will explode and might 
be initiated just by small spark created by static electricity produced by 
petrochemical clothes. 
Spilled or leaking engine oil or diesel fuel creates slippery condition inside the 
power plants. Many cases of fatal and disabling injuries were caused by this 
condition, the reason why oil and fuel absorbents are to be stocked in power plants. 
Hearing loss or impairment are hazards created by the noise of machinery and 
steam. Noise intensity, frequency and duration must be checked regularly and 
power plant employees must be subjected to periodical audiometric test. 
It can be clearly stated that man kind and other livings are surrounded by an 
uncountable number of hazards whether they are on streets, on their daily work 
activities or even in bed. 
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When work is done in a safe way in power plants, not only the risk of causing 
harm to people or the plant is reduced, but also the credibility of continuous supply 
of electrical power to people is increased. Well developed, implemented and  
 
outstanding industrial safety programmes, reduced unplanned shutdowns of power 
plants from six shutdowns per a year in the 1980s to only one per a year in the 
1990s, as reported by Nuclear Energy Institute (NEI) of USA [22]. 
 
Therefore, safety is now given the top priority, and it has become the first matter to 
think of before commencement of any activity. It is plainly apparent in Sudan that 
we do not pay attention to safety or offer it the care it deserves. As power plants 
are strategic investment, and they greatly affect community and environment, this 
study will look for evaluating safety measures inside Sudanese Thermal Power 
Plants.  
 
1.2 Problem Formulation 
 
Sudanese power plants and electrical substations experienced repetitive safety 
related fire breakouts and repetitive unscheduled shutdowns that greatly affected 
provision of electrical power to subscribers. Many of electricity corporation 
customers do believe that electrical power supply is not credible, not continuous 
and not reliable. Definitely, there are many factors led to this situation, such as 
shortage of electrical power production, poor transmission lines, transportation, 
etc. But, lack of advanced safety programmes in Sudan power plants is probably 
an  unseen factor that led to many electrical power supply disturbances. 
 
Pollution is anther major problem and hazard created by fossil fuel burnt in power 
plants. If we do not start from now to establish regulation to control emissions 
from power plant, we will lose control on environment and so health of people will 
be greatly harmed by the airborne materials. 
 
 
1.3 Objectives 
 
Hence the overall objective of the study is to develop comprehensive safety 
measures, procedures and an implementation plan for power plants in Sudan. 
Achieving the overall objectives is expected to result in the following: 
 
1. Protection of employees of power plants against fatal and disabling 
injuries. 
 
 
 
 14
 
 
2. Control of occupational diseases and injuries, and reduction of running 
costs associated with them. 
 
3. Creation of safety cautious employees, employers and governmental 
authorities. 
 
4. Protection of power plants against fires, explosions, vandalism and 
negligence. 
 
5. Development of training programmes to enhance response of power 
plant employees to emergencies. 
 
6. Provision of power plant employees with all necessary personal 
protective equipment that create a barrier against workplace hazards. 
 
7. Linking Safety regulations and standards to the labour department of 
Sudan, insurance and the law (constitution of the Government of 
Sudan). 
 
8. Enhancement of cleans-up operations in sugar factories.  
 
9. Exchange of experiences of power plants in matters related to safety by 
creating a shared safety file. 
 
10.  Development of Safety Manual for each power plant. 
 
11. Setting safety monitors and indicators for accountability purposes and 
for measuring safety performance. 
 
12. Development of a system/programme that reduces the potential for 
threats from plant personnel or "Insiders". 
 
13. Enhancement of safety reporting procedure. 
 
14.  Encouragement of power plants for improved safety performance by 
issuance of awards and certificate. 
 
15. Guide people through intensive programmes to reduce consumption of 
electrical energy. 
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16. Setting laws and regulations to compromise between the increasing 
demand of power generation and environment protection. 
 
It is hoped that, solutions that might boost points of strength and eliminate the 
shortcomings in this essential aspect, would be offered.    
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Chapter 2.0 
 
LITERATURE REVIEW 
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LITERATURE REVIEW 
 
 
People do enjoy the use of electricity in all aspects of their life. But, a lot of people 
do not think about the safety aspects related to the electrical power generation. Did 
we ever think how safe these power plants really are? What hazards surround the 
employees inside the power plant, the power plant itself and the people living in 
the neighborhood of it. How much do power plants affect the environment and 
health of people, whether inside the plant or out side of it. 
This research is just a candle to light this dark side of power plants.  
 
 
2.1  Electrical Power Plants under Consideration 
 
There are different systems for the production of electrical energy. This review 
shall focus only on thermal power generation, which includes: 
      
1. Steam Turbines. 
2. Gas Turbines. 
3. Diesel Engine Driven Generators. 
 
"In nuclear power plants, although heat generated from nuclear fission of uranium 
fuel is used to steam water to spin turbines, safety in nuclear power plants shall not 
be included in this research as this technology is not available in Sudan. But, there 
are many safety programmes developed, and implemented in nuclear power plants, 
proved to be doing fine in steam and gas power plants, as will be seen later." 
 
2.2  Major Types of Hazards Associated with Power Plants 
 
1. Pollution 
2. Noise 
3. Loss or partial loss of vision. 
4. Occupational health & fatal and disabling injuries. 
5. Gas leakage, fires & explosions. 
6. Nuclear radiation. 
7. Hazardous waste materials operations. 
8. Vandalism.  
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2.3 Control and Containment of Hazards 
 
Many safety programmes and plans were designed and developed to control, 
contain and handle hazards mentioned above. Some of these programmes shall be 
reviewed to see how they are implemented in diesel, gas and steam power plants. 
 
2.3.1  Pollution 
 
Fossil fuel burning is one of the major contributors to the mixture of gases in the 
atmosphere. Power plants proved to be the biggest source of producing pollutants 
in air, which are known as greenhouse gases. Some of the greenhouse gases occur 
naturally in the atmosphere such as water vapour, carbon dioxide, methane, nitrous 
oxides and ozone. But some human activities have increased the level of 
greenhouse gases in air and also added some man-made gases such as 
chloroflurocarbons, hydroflurocarbons, and Sulphur Hexafluoride. Greenhouse  is 
presented in units of millions of metric tons of carbon equivalent (MMTCE), 
which weighs each greenhouse gas by its global warming potential. Greenhouse 
gases have the following effects:- 
 
i.   Warming up the earth (Global warming); Average temperature of earth 
increased by 1.1 degrees Fahrenheit at the end of year 2000, and 
expected to be increased by 6 degrees Fahrenheit by the end of year 2100 
[11]. 
ii. Downgrading public health, as being a cause for irritating upper 
respiratory track and damage of the lungs tissues. 
iii. Eating away iron, steel, marble and bronze. 
iv. Blemishing the architect view of cities. 
 
Pollution is the most harming effect of power plants. Clear environment was and 
still the top concern of all countries, spear headed by the United Nations 
Organization and Environment Protection Agency (EPA). The start was a focus to 
develop greenhouse gases inventory, and then explore ways to reduce and control 
them. 
 
Resolutions and means explored to control greenhouse gases include: 
 
i. The resolutions and recommendations of the United Nations Conference on 
Environment and Development (UNCED), known as "The Earth 
Summit" held in Rio de Janeiro in April 1992, which committed all 
conferees (170 countries) to decrease greenhouse gases, by preparing 
applicable national action plans [18].  
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ii. EPA Programme for Reducing Consumption of Electrical Energy. 
 
iii. A voluntary action in this direction was the production of energy efficient 
lamps that consume less power. Also Star Energy Computers succeeded in 
introducing energy efficient personal computers. The new type of 
computer chip cum" went in line with EPA programme to reduce 
consumption of electrical energy. The production of computers that sleep 
when not in use saved o billion dollars in a year in electricity bills in USA 
[9].  Usage of scrubber technology in controlling Sulphur dioxide in air, 
[14]. 
  
iv.   Power plants are obliged to stick to the limit of emission of pollutants set 
by EPA. 
 
v. Nitrogen oxides (NOx) abatement technology for stationary gas turbines 
power plants, in which Nitrous oxides are controlled by, Selective 
Catalytic Reduction (SCR), or Catalytic Absorption Emission Control [30]. 
 
vi.   Substituting natural gas for coal offers long-term climate benefits. 
 
vii. Usage of heat insulations when constructing buildings. 
 
2.3.2  Noise  
One important thing to be realized is that, there is almost no cure for noise-
induced hearing loss. The high and continuous noise in power plants - 
particularly in boilers – is a real safety hazard and a threat to the health of 
employees inside the power plant. Long-term exposure to a high average noise 
level is the number one cause of occupational hearing loss, yet many people can 
not feel the damage occurring, which means that, they often fail to protect their 
hearing adequately [52]. An employee with hearing impairment or low hearing 
capabilities is a safety hazard by himself. Employers and people concerned in 
occupational health designed and developed many hearing conservation 
programmes to protect employees against hearing impairment or hearing loss. 
One of the best programmes for hearing conservation is OSHA title 29 CFR 
1910.95 – Occupational Noise exposure [32]. 
The Department of Health Services of Saudi Electricity Company has designed 
and developed Hearing Conservation Programme within its broad Preventive 
Medical Services Programme for employees working in Saudi power Plants. 
 
 
There are three main factors that affect hearing:- 
• Noise intensity 
• Noise frequency 
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• Noise duration. 
 
The above three factors must be checked, measured and monitored regularly. 
The results must be disclosed to employers, employees and management of the 
power plant. Instrument for checking noise level, its frequency and duration 
must be available. Regular medical audiometric test must be carried out for all 
employees in power plants. Results of the test must be saved regularly for 
monitoring and follow up. 
There are many simple and cheep protective equipment to be used to protect 
hearing such as performed or molded ear plugs and ear muffs. 
 
2.3.3 Loss or Weakness of Vision 
 
One historical case occurred at AL-Junaid Sugar Factory in 1968, in which one 
employee working in the Boilers Section lost vision as a result of a defective 
steam valve. The pressurized steam leaked vigorously and directly to the face 
and eyes of the employee causing  
Complete blindness to him. The case was sound as the media was then backing 
it. 
In power plants, there are many activities that might lead to loss or weakness of 
vision. Employees must be well equipped to be protected against the hazards 
associated with these activities. Arc welding, gas welding and flying objects 
(solid, liquid or gas) are the main causes of eye injuries and vision loss or 
weakness. Eye and face shields must be used during welding activities. 
Employers and employees must understand that for each type of metal welding 
there is a different face shield. The face shield used – for example – for welding 
magnesium aluminum alloy is different from that used in welding mild steel. 
Beside the first aid kit in power plant, there must be a pressurized eye washer 
machine.  
 
 
2.3.4 Occupational Diseases & Fatal and Disabling Injuries 
 
Occupational health is a focal point in health services for surveillance, 
evaluation and public education about occupational diseases and injury among 
workers. Many societies, associations and administrations world-wide are 
concerned in occupational safety and disabling/fatal injuries. Most of the 
programmes designed to enhance occupational health and safety focus at the 
following:- 
 
• Hazard evaluation system and information service. 
• Risk Assessment. 
• Occupational lead poisoning prevention. 
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• Occupational health surveillance and evaluation. 
• Fatality assessment and control evaluation. 
 
Literature collection and review in this field, will establish the data base for 
better evaluation and assessment. Systematically reviewing numerous technical 
journals, filing key articles in a unique cross-indexed system with computerized 
bibliography for rapid access, and maintaining a state-of-the-art library of 
occupational health resources including data base search capabilities, all or 
some of these together will help in creating information, evaluation and 
assessment programmes. 
Many of the fatal and disabling injuries can be traced directly to the unsafe 
behaviour of the employees or the people at the workplace. For example, 
leakage of fuel diesel or engine oil of a diesel engine driving a generator in a 
power plant, is a major cause of injuries of employees in the power plant caused 
by the slippery condition created by the leaking oil or fuel. 
Periodic safety inspection of the work place proved to be an effective tool in 
reducing the risks of fatal and disabling injuries in power plants.   
2.3.5 Gas Leakage, Fires and Explosions. 
 
Some of the man-made hazards and risks which are associated with the progress 
in  are unfortunately not detectable by the naked human senses. Examples, fuel 
gas leakage in an enclosure system and nuclear radiation.           
 
          . On August 16, 1980, 213 people were killed when a large explosion     
              occurred in Shizuoka Railway Station, 180 kms west of Tokyo [54]. 
b. On December 16, 2002, gas leakage killed seven (7) and harmed 48 
people in Dalian, a coastal city in Northwest China [55]. 
             c. On October 22, 2003, twelve (12) people were killed by gas leakage in 
Aibon in Nigeria [53]. 
These are only three examples of catastrophes and disasters caused by an 
undetectable gas leakage.  
Explosion is the danger associated with fuel gas leakage. When concentration 
of the leaking fuel gas reaches a certain concentration level, explosion will 
occur by any igniter or spark. Well ventilation and well distribution of gas 
leakage gauges, monitors and detectors will greatly help in reducing risks and 
hazards of explosions in power plants. To protect power plants against 
explosions resulting from gas leakage, modern gas leakage detectors are made 
to automatically shut down the system before the leaking gas reaches the 
concentration level of explosion. 
There are many sources, other than gas leakage, that can create an explosive 
atmosphere with many other igniters starting from direct flame, to sparks 
resulting from static electricity induced in petrochemical clothes.  
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Any substance or preparation, which because of its properties or the way it is 
used could cause harm to people or power plants from fires and explosions, is 
defined as a dangerous substance. Dangerous substances must be well 
contained, well stored and accurately measured by weight and volume. 
Moreover, all information about risks associated with them must be declassified 
or disclosed to employees and people who are normally available at the 
workplace.  
Dangerous substances and preparations must be classified and have labeling 
guide for classification such as, explosive, oxidizing, extremely inflammable, 
highly inflammable or inflammable. 
 
Power plant management is advised to consider the following for the safety of 
employees and the power plant:- 
• Carry out a risk assessment of any work activity involving dangerous 
substances. 
• Provide measures to eliminate or reduce risks as far as reasonably 
practical. 
• Provide equipment and procedures to deal with accidents and 
emergencies. 
• Provide information and training for all employees. 
• Classify places where explosive atmospheres may occur, into zones 
where necessary. 
 
 
2.3.6.  Nuclear Radiation. 
 
This subject will not be discussed in details, whether in literature review or in 
the research details, as nuclear power plants are not available in Sudan. But 
some safety programmes designed for sections away from the atomic reactor in 
nuclear power plants, are doing well in diesel, steam and gas turbines. Steam 
flow, control on turbine and wiring are almost the same in all electrical power 
plants. 
 
One of the major advantages of nuclear power plant – safety wise – is that, they 
do not add any amount of greenhouse gases to air. Nuclear radiation is the 
hazard that has serious negative effects against the health of all livings 
including plants. The danger is proportional to the intense of radiation and the 
duration of exposure. A series of physical barriers is used to prevent the escape 
of radioactive materials. The first barrier is the nuclear fuel itself. The uranium 
fuel is made in the form of solid ceramic pellets. Most of the radioactive by-
products of the fission process remain inside the fuel pellets. The second barrier 
is the fuel rods that hold the fuel pellets. They are made of Zirconium alloy that 
is resistive to heat, corrosion and radiation. The third barrier is a large steel 
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pressure vessel with walls of eight (8) inches thick, inside which the fuel rods 
are kept. The fourth barrier is a massive reinforced concrete wall with walls of 
about four feet thick, inside which the three barriers mentioned above are kept. 
There are many programmes – software and hardware – to protect nuclear 
power plants and people. Anyhow these programmes do not cover greenhouse 
gases and explosions as there is no way for the two risks to occur in nuclear 
power plants. This because no fossil fuels is burnt to produce gases and the 
concentration of the fissionable uranium is very low and far below explosion 
level. 
 
2.3.7.  Hazardous Waste Materials Operations. 
 
In Sudan, there is no coal or uranium fuels used in power plants to generate 
electricity, which greatly reduced waste material operations and dumping risks. 
The main waste material in Sudan power plants is the sugar cane squeezes 
fibers, well known as bagasse, specifically in sugar factories where electricity 
is generated by steaming water in boilers by burning bagasse. It is worthy to 
mention here that sugar factories produce 92 MW, which stands for 14% of the 
total electrical power generated in the Sudan. 
Bagasse, which one day considered as a refuse, is now a fuel. Actually, bagasse 
and wood, although they are treated as the fuels of poor and developing 
countries, have now become an important source of energy for the developed 
countries. Bagasse role in building the economy while preserving the 
environment has attracted large allocations to technology adaptation and 
development leading to more efficient methods of biomass conversion into 
useful energy [5]. 
 
Bagasse has the following advantages:-   
i. It is harmless to the environment, as it does not increase the 
amount of greenhouse gases in air. Actually the same 
amount of carbon dioxide taken by the sugar cane from air 
during the photosynthesis process will be returned back to air 
when bagasse is burnt to steam water [3/4]. 
ii. It has high calorific value, 3.303 BTU/LB for raw bagasse and 
9.853 BTU/LB for bagasse char briquettes [46]. 
iii. Its emissions of Sulphur dioxide and Nitrous oxides is less 
than fossil fuels due to the characteristically low levels of 
Sulphur and nitrogen associated with bagasse. 
iv. Zero transportation fees when used as fuel in the power plant 
of the same sugar factory. 
Disadvantages of bagasse:- 
• Severe and hazardous disposal operations. 
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• Bagassosis, is a disease caused by inhalation of bagasse dust. 
It is characterized by cough, difficulty in breathing, chills, 
fever and prolonged weakness. 
 
Huge heaps of bagasse is observed outside the boiler section of the sugar factories. 
Winds and sparks always act as a threat of fires. Moreover, bagasse heaps hinder 
maneuverability of equipment in the factory and reflect an unpleasant scene of the 
area.  
 
2.3.8.  Vandalism, Terrorist & Antagonistic Attacks. 
 
Vandalism behavior, terrorist actions and antagonistic attacks are common 
nowadays world-wide. The possibility of occurrence of any of these destructive 
actions increases greatly in countries that lack effective and good protection and 
safety measures. Burrie Power Plant experienced two explosions, one of them 
caused complete burning of the plant. 
Federal and local authorities must be alert and well prepared to respond, in almost 
a zero time, when strategic constructions such as power plants are exposed to the 
danger of vandalism or terrorist attacks. Many programmes are designed to help 
concerned people act competently if such an emergency occurred. OSHA 
Emergency Response Programme is one of these widely known programmes, 
[24/37]. There are other programmes and systems associated with the emergency 
response programme such as training, dry run rehearsals for false fire breakout and 
explosion. 
Continuous evaluation of emergency respond programme together with respective 
responders behavior is essential.  
A very interesting and important report is the report written by Bruce Lippy, 
Director of Clearinghouse for Workers Safety & Health Training and by, 
(NIESH) the National Institute of Environmental Health Sciences [21]. The 
report is a real contribution added to OSHA and to the National Institute for 
Occupational Safety & Health (NIOSH) Response Programmes. The report was 
basically written to evaluate the integrated behavior and conduct of US concerned 
governments, organizations, associations and personnel towards Sept. 11, attacks. 
The most important fact we can get out of this report is that, standards and 
regulations set for safety must be subjected to continuous revision and evaluation. 
Although OSHA – Occupational Safety and Health Administration – is a leader in  
setting regulations and standards related to safety, yet September 11 attacks 
revealed that there are many regulations and standards set by OSHA, failed to give 
acceptable performance for Responders, relievers, rescue and recovery personnel 
directly after the attacks. The major recommendation of the report is, to enhance 
OSHA Guidance, update the policy under which it operates and make it an active 
participant in the National Terrorism Preparedness Programme.  
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2.4  Protection of Employees and Power Plants 
 
The trained and skilled manpower working in the power plant is the most valuable 
investment in the entire electricity producing project. The safety and the health of 
power plant employees must be the top concern of plant designer, plant 
manufacturer, the employer and governmental authorities. The environment, which 
is shared by all livings, is another concern. Power plant as a public property must 
be well watched and safe guarded. It should be protected against carelessness, 
ignorance, vandalism and any unplanned for activities. Customers – electrical 
energy users – do not accept intermittent shutdowns of electricity whether 
scheduled or in emergency. They always insist to have continuous, stable and 
reliable provision of electrical energy. Such a situation of complicated demands 
and requirement can not be achieved without developing an applicable and easily 
implemented safety programme.  
The following programmes which were set by different administrations concerned 
in safety will be reviewed in parallel with Sudan power plants safety requirement 
[2/8/15/22/2326/28/3541]:- 
 
• OSHA Emergency Response programme 
• Occupational safety and health programme. 
• US national Hazardous Materials Programme. 
• Hearing conservation programme. 
• Personal Protective equipment Programme. 
• Defensive in Depth, Power plant safety Programme. 
• Training Programme. 
• Inspection programme. 
 
Experience also revealed that power plants must be protected against what is 
known as the Insiders. Insiders are employees of the power plant who hold key 
and sensitive positions in the plant where full attention is required. The personal 
behaviour of those employees must be monitored regularly. They must undergo 
medical check up for alcohol and drugs. 
 
2.5  Risk Assessment 
 
Risk assessment is an identification and a careful examination of the dangerous 
substances and preparations present or liable to be present in the work place; the 
work activities involving them; and how they might fail and cause fire, explosion 
and similar events that could harm the employees and the public. Risk is defined as 
the probability or the rate at which a hazard could harm or cause harm to people or 
the properties. The purpose of risk assessment is to enable concerned personnel to 
decide what is needed to be done to eliminate or reduce the safety risks from 
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dangerous substances and preparations as far as reasonably practical. It should take 
account of matters such as:- 
• The hazardous properties of the substance and preparation. 
• The way they are used or stored. 
• The possibility of hazardous explosive atmospheres occurrence. 
• All potential ignition source 
 
Risk assessment must be revised regularly, and must be carried out whenever a 
change in work procedure or dangerous substance occurred. Whenever it is not 
possible to eliminate or avoid risks associated with the storage, usage or 
operations of hazardous substances, then power plant management must think of 
mitigating procedures that can reduce risks to the minimum and practicable level. 
An important rule for any unknown activity or material is to treat it or deal with it 
as a dangerous or hazardous substance or operation, and it is better not to deal 
with it or operate it without carrying out a risk assessment or defensive 
precautions. The following measures might be useful:- 
• Reduce the number of employees to the minimum possible number. 
• Avoid propagation of fires and explosions. 
• Provide explosion pressure relief arrangement. 
• Provide explosion suppression equipment. 
• Construction of plants to withstand pressures likely to be produced by 
explosions. 
• Provide suitable protective equipment. 
• Make sure of well ventilation. 
 
In order to assess the risk in the work place the following five steps are preferred 
to be followed as advised by – Health & Safety Executive UK [25]:- 
1. Identify the hazard. 
2. Decide who might be harmed and how. 
3. Evaluate risk and decide whether the existing precautions are adequate or 
whether more should be done. 
4. Record your findings 
5. Review your assessment and revise it if necessary. 
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EVALUATION PROCEDURE 
 
The following tools will be used to assist in evaluating safety measures in thermal 
power plants in Sudan. 
 
3.1   Detailed questionnaires campaign.  
           3.2   Safety Inspection of Power Plants. 
           3.3   Noise and sound level measurement.   
           3.4  Meetings with personnel concerned in safety and with key employees 
the in power plants.          
 
3.1 Questionnaires 
 
Questionnaire campaign is one of the major tools used to evaluate safety measures 
inside Sudanese Power Plants. The questionnaires design was based on the-state-
of-art safety and technical literature established world wide. The questionnaires 
focused on the following: 
 
a. Protection of the entire working staff and employees against fatal and    
     disabling injuries and occupational diseases. 
b. Protection of the power plant itself against fires, explosions and vandalism.  
c. Protection of environment. 
d. Formation of a safety cautious community inside power plants. 
e. Credible, trustful and continuous supply of electrical power.  
 
Four questionnaires were designed.  
• Questionnaire # 1, [Safety Activities]. It is designed for engineers and 
employees working inside the Power Plant. 
• Questionnaire # 2, [Personal Protective Equipment Usage], designed 
for workers. 
• Questionnaire # 3, [Availability of Safety tools, Instrument, 
Equipment and Safety Programmes], designed for engineers and 
employees. 
• Questionnaire # 4, [General Safety Issues]. Designed for the 
management of the power Plant. 
 
 The questionnaires were distributed to: 
1. Garry Power Plant Employees (GPP). 
2. Dr. Mahmoud Shareef (Bahri) Thermal Power Plant Employees, 
(BPP) 
3. Boilers and Steam Turbine Employees of North West Sinnar Sugar 
Factory (NWSSF). 
4. Burri Power Plant (BRPP) management. 
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It was clearly stated to all who received the questionnaires that the results obtained 
from questionnaires shall be kept confidential and shall only be used for the benefit 
of the study and the benefit of Power plants.  
 
An answered copy from each questionnaire is scanned and is shown in Appendix. 
 
It should be mentioned here that when a visit was paid to Burri Power Plant, it was 
found totally closed with no employees inside it, except of security guard reporting 
at the main gate of the power plant. Nevertheless, the four questionnaires were 
forwarded to the management of Burnt Power Plant at the head quarters of 
Electricity Corporation, hoping to trace the cause of explosion that occurred in it. 
But unfortunately, and in spite of the continuous follow up visits to get answers for 
the four questionnaires, no answers were received. Therefore, no more efforts were 
done to evaluate safety measures in power plants that have diesel engines driven 
generators.      
 
3.1.1  Questionnaires Analysis and Results 
 
Before analyzing the results of questionnaires, it must be stated and agreed upon 
that, although safety tools, equipment, instrument and programmes differ in prices 
and values, yet they are almost of equal importance – safety wise -  for power 
plants. It is quite possible that a five pounds fire extinguisher can save a power 
plant, while in certain circumstances; the expensive automatic fire fighting system 
can not. This is the main reason that equal marks are offered for all questions in the 
four questionnaires. 
 
 Another issue; safety is intended to reduce risks to the minimum practicable level, 
therefore any negligence that jeopardize safety is considered straight forward a 
breach to safety policy and regulations, and is surely a failure. Therefore properly 
implemented safety programmes are expected to score very high marks (above 9o 
%) in all questionnaires. 
 
It had been noticed that, the four answers received for Questionnaire # 4 – General 
Safety issues – from Bahri Power Plant were not accurate; therefore Questionnaire 
# 4 was forwarded again for perfect answers. Also, no answers were received for 
Questionnaire # 2 – Personal Protective Equipment – from Garry power plant, 
therefore it was distributed again and answers were received.   
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3.1.2 Analyzing Procedure 
 
1. In general, the answers to all questions in questionnaires distributed will be 
accepted and analyzed as answered. 
2. If some answers to questionnaires seemed to be not logical or out of sense, 
the questionnaire associated with these answers shall be distributed again 
for perfect refilling. 
3. Definitely the answers of some questions in the questionnaires will be 
subjective; therefore the mean or average value of evaluation and input 
received will be taken. 
4. When an "argument" i.e., receiving different answers for [0,1] questions, 
then, 
• Either the answers of the majority are taken, 
• Or answers are verified by a field visit. 
5. The actual safety conditions of the Power Plants as obtained from 
questionnaires were compared to those supposed to be, and that is termed as 
the Overall Safety Performance Index.  
6. Recommended level of safety performance must be above (90 %).  
 
 
Table (1) below, shows the number of questionnaires distributed to Power Plants 
and answered received.  
 
Distribution of Questionnaires 
 
Questionnaire # 1 Questionnaire # 2 Questionnaire # 3 Questionnaire # 4 
Power 
Plant 
Distributed Answered  % Distributed Answered % Distributed Answered  % Distributed Answered % 
GPP 10 4 40 10 9 90 4 3 75 5 5 100 
BPP 10 8 80 50 35 70 10 9 90 1 1 100 
NWSSF 10 2 20 50 42 84 5 1 20 2 1 50 
TOTAL 30 14 47 110 86 78 19 13 68 8 7 83 
 
 
Table (1) 
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3.1.3   Questionnaires Results 
 
The main facts extracted after detailed analysis of all questionnaires are:- 
 
1. Main care is given to control of entrance gate – 0.89 Performance 
Average Index –, even though the record obtained is below the 
recommended level. 
 
2. Overall dresses (0.85), safety shoes (0.80) and helmets (0.65) scored 
the second rank, but they are still below the recommended level. 
 
3. Two workers out of 35 - ( 5.7 %) - of Bahri power Plant claimed that 
the quality of the safety shoes, eye shields and overall dresses they 
use, are of bad quality and they do not offer the protection they are 
intended for.  
4. Almost no care is given to occupational health of employees. All 
employees of Bahri Thermal Power Plant and Sinnar Sugar Factory 
Power Plant, and 81. % of Garry Power Plant never had audiometric 
test. Also 72 % 0f the three power plants employees did not have 
chest check up. 78 % of three power plants did not have vision test. 
 
5. Common used personal protective equipment is not disinfected. 
 
6. Ear muffs, aspirators and eye goggles are very cheep and at the same 
time of very high importance to employees, even though they are not 
available for the majority of workers inside power plants.  
 
7. No safety inspection patrol trips in Garry power plant, a matter that 
does not cope up with a recently built power plant. 
  
8. Share of safety experience between power plants is poor. 
 
9. All engineers in Garry Power Plant who answered questionnaire # 3,   
( Availability of safety Tools and equipment), said that there is no 
automatic fire fighting system, no fire alarm system, no smoke 
detectors, no gas detectors and no loud speakers. But automatic fire 
fighting system is available. 
 
10.  In Bahri Power plant and Sinnar Factory Sugar Power Plant    no care     
        is given to safety literature. 
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11.   Environment protection against accumulation of greenhouse gases is 
ignored in power plants.  
12. No links between power plants and specialized offices concerned in 
safety. 
     
13.  No refugee areas at which employees can be saved in cases of   
        emergency. 
 
14.  Proper safety performance or behavior of employees is not   
        appreciated or appraised by management. 
 
15. The Average Overall Safety Performance Index of the three Power 
Plants is 0.56. 
 
 
This rings a bell of the tremendous and numerous hazards that surround power 
plants. 
 
Tables 3.2 to 3.22 show analysis that evaluates overall safety performance of the 
three thermal power plants. 
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100% 75% 50% 25% 0%
1 Audiometric Test 25 100 25
2 Chest Check up 25 100 25
3 Vision Test 25 100 25
4 Workplace Safety Inspection 50 100 50
5 Safety Audit 50 100 50
6 Risk Assesment 50 100 50
7 Dry run Fire Drills 0 100 0
8 Safety Training 50 100 50
9 Safety inspection Patrol trips 0 100 0
10 Main gate Interance Control 100 100 100
11 Share of safety Experiences 0 0
(a) With other power plants 100 100 100
(b) With employees 50 100 50
(c) Employees & Management 50 100 50
12 Disnfection of common PPEs 0 100 0
13 Safety Records and filing 100 100 100
1500 675 0.45
100% 75% 50% 25% 0%
1 Audiometric Test 25 100 25
2 Chest Check up 25 100 25
3 Vision test 25 100 25
4 Workplace Safety Inspection 100 100 100
5 Safety Audit 0 100 0
6 Risk Assesment 25 100 25
7 Dry run Fire Drills 0 100 0
8 Safety Training 50 100 50
9 Safety inspection Patrol trips 0 100 0
10 Main gate Interance Control 100 100 100
11 Share of safety Experiences 0 0
(a) With other power plants 25 100 25
(b) With employees 50 100 50
(c) Employees & Management 50 100 50
12 Disnfection of common PPEs 0 100 0
13 Safety Records and filing 100 100 100
1500 575 0.38
                                           Questinnaire # (1) - Safety Activities -  Analysis, [ Designed for Engineers]           Garry 
Thermal Power Plant
Safety Activity Implimentation rate in a Year
Safety Activity Implimentation rate in a Year
Input of Engineer II
Input of Engineer 1
Full mark Recorded Mark Safety IndexSafety Activity Item #
Item # Safety Activity Full mark Recorded Mark Safety Index
 
 
 
 
Table 3.2 
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100% 75% 50% 25% 0%
1 Audiometric Test 0 100 0
2 Chest Check up 25 100 25
3 Vision test 25 100 25
4 Workplace Safety Inspection 0 100 0
5 Safety Audit 0 100 0
6 Risk Assesment 0 100 0
7 Dry run Fire Drills 0 100 0
8 Safety Training 50 100 50
9 Safety inspection Patrol trips 0 100 0
10 Main gate Interance Control 100 100 100
11 Share of safety Experiences 0 0
(a) With other power plants 25 100 25
(b) With employees 50 100 50
(c) Employees & Management 25 100 25
12 Disnfection of common PPEs 0 100 0
13 Safety Records and filing 100 100 100
1500 400 0.27
100% 75% 50% 25% 0%
1 Audiometric Test 25 100 25
2 Chest Check up 25 100 25
3 Vision test 0 100 0
4 Workplace Safety Inspection 0 100 0
5 Safety Audit 25 100 25
6 Risk Assesment 0 100 0
7 Dry run Fire Drills 25 100 25
8 Safety Training 25 100 25
9 Safety inspection Patrol trips 0 100 0
10 Main gate Interance Control 100 100 100
11 Share of safety Experiences 0 0
(a) With other power plants 50 100 50
(b) With employees 25 100 25
(c) Employees & Management 0 100 0
12 Disnfection of common PPEs 0 100 0
13 Safety Records and filing 25 100 25
1500 325 0.22
1500 538 0.33Safety Performance Index (Average Result of the four engineers input
Safety Activity Implimentation rate in a Year
Input of Engineer III
Input of Engineer IV
Item # Safety Activity Full mark Recorded Mark
Safety Activity Implimentation rate in a Year
Safety Index
Item # Safety Activity Full mark Recorded Mark Safety Index
 
 
Table 3.2 (Cont.) 
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Always 
(100 %)
Most times 
(75 %)
Sometimes 
(50 %)
rarely 
(25 %)
Never 
(0 %) remarks
1 Safety Shoes 9 0 0 0 0 900 900
2 helmet 4 5 0 0 0 900 775
3 Eye Shield 2 0 0 1 4 2 NA 700 225
4 Eye Goggles 0 1 0 4 4 900 175
5 Overall Dress 9 0 0 0 0 900 900
6 Heat resistive Clothes 0 0 0 0 9 900 0
7 Inspirator 3 0 4 1 1 900 525
8 Hand Gloves 2 2 1 4 0 900 500
9 Ear Muffs 2 4 3 0 0 900 650
7900 4650 0.59
0.59
Number of power plant workers using Personal Protective Equipment (PPE).
Total number of employees answered questions is (9 )       NA = Not applicable
Safety Index For Personal protective Equipment Usage  =
Full 
mark
Questionnaire  # (2) Analysis (Personal Protective Equipment Usage)
 Garry Thermal Power Plant
For Workers
Recorded 
mark
Safety 
IndexPPE UsageItem #
 
 
Table 3.3 
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Available Not Available Available
Not 
Available Available
Not 
Available
1 Air Monitoring System X X X
2 Pressurized Water System X X X
3 Automatic Fire Fighting System X X X
4 Sirens X X X
5 Loud Speskers X X X
6 Public Address Units X X X
7 Emergency Lights X X X
8 Tourches X X X
9 Lightbars X X X
10 Fire Extinguishers X X X
11 Fire Station X X X
1 Fire Alarm System X X X
13 Smoke Detectors X X X
14 Gas Detectors X X X
15 Audiometers X X X
16 Self-contained Breathing Apparatus X X X
17 Trained Fire fighters Employees X X X
18 Trained Searchers Employees X X X
19 trained evacuators Employees X X X
20 Trained Emergency Responders X X X
21 Pressurized Eye Washer Machine X X X
22 First Aid kits X X X
23 Restricted Areas Stickers X X X
24 IDs for Employees X X X
25 Safety Posters X X X
26 Safety Magazines X X X
27 Weekly Safety Reports X X X
28 Media Contribution in Safety X X X
29 Suspenders X X X
30 Heat Resistive Clothes X X X
Total 30 7 23 21 9 18 12
Safety Performance Index = Ratio of Availabale Safety tools / Total Required Safety tools = 0.51
                 Analysis of Questinnaire # (3) - Availability of safety tools & equipment - [ Designed for PP Engineers]           
Garry Thermal Power Plant                                                                  
Input # 1 Input # 2 Input # 3
DescriptionSRL 
Management Input
 
 
 
Table 3.4 
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YES NO YES NO YES NO YES NO YES NO
1 Are safety regulations linked with the Labour Department and country laws X X X X X
2 Do you have safety department/division in your power plant X X X X X
3 Do you have greenhouse gases inventory X X X X X
4 Are hazardous areas marked or labelled with caution signs X X X X X
5 Are safety programmes to protect employees against fires and explosions available X X X X X
6 Do you you share safety experiences with other power plants X X X X X
7 Do you have a safe refugee area in case of emergency X X X X X
8 Do you offer safety award for safe working employees X X X X X
9 Do you report unsafe behaviours X X X X X
10 Do you issue safety tips X X X X X
11 Do you update fire extinguishers regularly X X X X X
12 Do you monitor personal behaviour of employees working in critical areas X X X X X
13 Do you have Fitness-for-duty programme for employees X X X X X
14 Do you have tests and backgrounds of contractor employees, if available X X X X X
15 Do you have links with secret police and intelagence X X X X X
16 Are university students envolved in safety studies X X X X X
17 Do you have precautions against vandalism from plant insiders X X X X X
18 Do you havre precautions against vandalism from plant outsiders X X X X X
19 Do you have Safety links with specialized safety offices X X X X X
Total 19 12 7 7 12 12 7 9 10 16 3
Table 3.5
Safety Performance Index = Ratio of Availabale Safety tools / Total Required Safety tools = 0.66
QUESTIONNAIRE # 4 Analysis (FOR MANAGEMENT ONLY)
General Safety Issues
Garry Thermal Power Plant
Input # 1 Input # 2 Input # 3 Input # 4 Input # 5
DESCRIPTIONSRL
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100% 75% 50% 25% 0%
1 Audiometric Test 0 100 0
2 Chest Check up 0 100 0
3 Vision Test 0 100 0
4 W orkplace Safety Inspection 0 100 0
5 Safety Audit 100 100 100
6 Risk Assesment 0 100 0
7 Dry run Fire Drills 0 100 0
8 Safety Training 100 100 100
9 Safety inspection Patrol trips 100 100 100
10 Main gate Interance Control 100 100 100
11 Share of safety Experiences 0 0
(a) W ith other pow er plants 75 100 75
(b) W ith employees 75 100 75
(c) Employees & Management 75 100 75
12 Disnfection of common PPEs 75 100 75
13 Safety Records and filing 100 100 100
1500 800 0.53
100% 75% 50% 25% 0%
1 Audiometric Test 0 100 0
2 Chest Check up 75 100 75
3 Vision Test 25 100 25
4 W orkplace Safety Inspection 75 100 75
5 Safety Audit 75 100 75
6 Risk Assesment 0 100 0
7 Dry run Fire Drills 0 100 0
8 Safety Training 0 100 0
9 Safety inspection Patrol trips 0 100 0
10 Main gate Interance Control 25 100 25
11 Share of safety Experiences 0 0
(a) W ith other pow er plants 0 100 0
(b) W ith employees 0 100 0
(c) Employees & Management 0 100 0
12 Disnfection of common PPEs 0 100 0
13 Safety Records and filing 0 100 0
1500 275 0.18
Input of Engineer 1
                  Questinnaire # (1) - Safety Activities -  Analysis, [ Designed for Engineers]                     
Bahri ( Khartoum North) Thermal Pow er Plant
Safety Activity Implimentation rate in a Year
Safety Activity Implimentation rate in a Year
Full mark Recorded Mark Safety IndexSafety Activity 
Input of Engineer II
Item #
Item # Safety Activity Full mark Recorded Mark Safety Index
 
 
100% 75% 50% 25% 0%
1 Audiometric Test 0 100 0
2 Chest Check up 0 100 0
3 Vision Test 0 100 0
4 W orkplace Safety Inspection 0 100 0
5 Safety Audit 0 100 0
6 Risk Assesment 75 100 75
7 Dry run Fire Drills 0 100 0
8 Safety Training 0 100 0
9 Safety inspection Patrol trips 75 100 75
10 Main gate Interance Control 100 100 100
11 Share of safety Experiences 0 0
(a) W ith other pow er plants 75 100 75
(b) W ith employees 75 100 75
(c) Employees & Management 100 100 100
12 Disnfection of common PPEs 5o 100 50
13 Safety Records and filing 100 100 100
1500 650 0.43
Safety Activity Implimentation rate in a Year
Input of Engineer III
Item # Safety Activity Full mark Recorded Mark Safety Index
 
 
Table 3.6 
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Continued,
100% 75% 50% 25% 0%
1 Audiometric Test 0 100 0
2 Chest Check up 100 100 100
3 Vision Test 0 100 0
4 W orkplace Safety Inspection 100 100 100
5 Safety Audit 0 100 0
6 Risk Assesment 100 100 100
7 Dry run Fire Drills 100 100 100
8 Safety Training 100 100 100
9 Safety inspection Patrol trips 100 100 100
10 Main gate Interance Control 100 100 100
11 Share of safety Experiences 0 0
(a) W ith other pow er plants 0 100 0
(b) W ith employees 0 100 0
(c) Employees & Management 0 100 0
12 Disnfection of common PPEs 0 100 0
13 Safety Records and filing 0 100 0
1500 700 0.47
100% 75% 50% 25% 0%
1 Audiometric Test 0 100 0
2 Chest Check up 0 100 0
3 Vision Test 0 100 0
4 W orkplace Safety Inspection 0 100 0
5 Safety Audit 100 100 100
6 Risk Assesment 0 100 0
7 Dry run Fire Drills 100 100 100
8 Safety Training 75 100 75
9 Safety inspection Patrol trips 100 100 100
10 Main gate Interance Control 100 100 100
11 Share of safety Experiences 0 0
(a) W ith other pow er plants 0 100 0
(b) W ith employees 0 100 0
(c) Employees & Management 0 100 0
12 Disnfection of common PPEs 0 100 0
13 Safety Records and filing 0 100 0
1500 475 0.32
                                     Questinnaire # (1) - Safety Activities -  Analysis, [ Designed for Engineers]                                          
Bahri (Khartoum North) Thermal Pow er Plant
Input of Engineer V
Item # Safety Activity Safety Activity Implimentation rate in a Year Full mark Recorded Mark Safety Index
Input of Engineer IV
Item # Safety Activity Safety Activity Implimentation rate in a Year Full mark Recorded Mark Safety Index
100% 75% 50% 25% 0%
1 Audiometric Test 0 100 0
2 Chest Check up 0 100 0
3 Vision Test 0 100 0
4 W orkplace Safety Inspection 0 100 0
5 Safety Audit 75 100 75
6 Risk Assesment 100 100 0
7 Dry run Fire Drills 100 100 100
8 Safety Training 100 100 75
9 Safety inspection Patrol trips 100 100 100
10 Main gate Interance Control 100 100 100
11 Share of safety Experiences 0 0
(a) W ith other pow er plants 0 100 0
(b) W ith employees 0 100 0
(c) Employees & Management 0 100 0
12 Disnfection of common PPEs 0 100 0
13 Safety Records and filing 0 100 0
1500 450 0.30
Input of Engineer VI
Item # Safety Activity Safety Activity Implimentation rate in a Year Full mark Recorded Mark Safety Index
 
 
Table 3.6 (cont.) 
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Continued,
100% 75% 50% 25% 0%
1 Audiometric Test 0 100 0
2 Chest Check up 100 100 0
3 Vision Test 0 100 0
4 Workplace Safety Inspection 100 100 0
5 Safety Audit 0 100 0
6 Risk Assesment 100 100 100
7 Dry run Fire Drills 100 100 100
8 Safety Training 100 100 100
9 Safety inspection Patrol trips 100 100 100
10 Main gate Interance Control 100 100 100
11 Share of safety Experiences 0 0
(a) With other power plants 0 100 0
(b) With employees 0 100 0
(c) Employees & Management 0 100 0
12 Disnfection of common PPEs 0 100 0
13 Safety Records and filing 0 100 0
1500 500 0.33
100% 75% 50% 25% 0%
1 Audiometric Test 0 100 0
2 Chest Check up 100 100 0
3 Vision Test 0 100 0
4 Workplace Safety Inspection 100 100 0
5 Safety Audit 0 100 0
6 Risk Assesment 100 100 100
7 Dry run Fire Drills 100 100 100
8 Safety Training 100 100 100
9 Safety inspection Patrol trips 100 100 100
10 Main gate Interance Control 100 100 100
11 Share of safety Experiences 0 0
(a) With other power plants 0 100 0
(b) With employees 0 100 0
(c) Employees & Management 0 100 0
12 Disnfection of common PPEs 0 100 0
13 Safety Records and filing 0 100 0
1500 500 0.33
12000 4350 0.36Average of the input of the Eight engineers (Safety Performance Index)
                  Questinnaire # (1) - Safety Activities -  Analysis, [ Designed for Engineers]                    
Bahri ( Khartoum North) Thermal Power Plant
Item # Safety Activity Safety Activity Implimentation rate in a Year Full mark
Item # Safety Activity Safety Activity Implimentation rate in a Year Full mark
Input of Engineer VII
Recorded Mark Safety Index
Recorded Mark Safety Index
Input of Engineer VIII
 
 
Table 3.6 (cont.). 
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Always 
(100 %)
Most times 
(75 %)
Sometimes 
(50 %)
rarely 
(25 %)
Never 
(0 %) remarks
1 Safety Shoes 34 1 0 0 0 3500 3475
2 helmet 26 2 4 2 1 3500 3000
3 Eye Shield 2 0 3 2 10 18 NA 17oo 400
4 Eye Goggles 7 5 7 3 9 4 NA 3100 1500
5 Overall Dress 34 1 0 0 0 3500 3475
6 Heat resistive Clothes 3 0 1 0 14 17 NA 1800 350
7 Inspirator 2 3 9 13 8 3500 1200
8 Hand Gloves 9 5 9 5 7 3500 1850
9 Ear Muffs 13 9 6 5 2 3500 2400
25900 17650 0.68
0.68
Number of power plant workers using Personal Protective Equipment (PPE).
Total number of employees answered questions is 35          (NA = Not Applicable)
Safety Index For Personal protective equipment Usage
Item #
                         Questionnaire  # (2) Analysis (Personal Protective Equipment Usage)
khartoum North Thermal Power Plant
For Workers
Full 
mark
Recorded 
mark
Safety 
IndexPPE Usage
 
 
 
Table 3.7 
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Avail No Avail Avail
No 
Avail Avail
No 
Avail Avail
No 
Avail Avail
No 
Avail Avail
No 
Avail Avail
No 
Avail Avail
No 
Avail Avail
No 
Avail
1 Air Monitoring System X X X X X X X X X
2 Pressurized Water System X X X X X X X X X
3 Automatic Fire Fighting System X X X X X X X X X
4 Sirens X X X X X X X X X
5 Loud Speskers X X X X X X X X X
6 Public Address Units X X X X X X X X X
7 Emergency Lights X X X X X X X X X
8 Tourches X X X X X X X X X
9 Lightbars X X X X X X X X X
10 Fire Extinguishers X X X X X X X X X
11 Fire Station X X X X X X X X X
12 Fire Alarm System X X X X X X X X X
13 Smoke Detectors X X X X X X X X X
14 Gas Detectors X X X X X X X X X
15 Audiometers X X X X X X X X X
16 Self-contained Breathing Apparatus X X X X X X X X X
17 Trained Fire fighters Employees X X X X X X X X X
18 Trained Searchers Employees X X X X X X X X X
19 trained evacuators Employees X X X X X X X X X
20 Trained Emergency Responders X X X X X X X X X
21 Pressurized Eye Washer Machine X X X X X X X X X
22 First Aid kits X X X X X X X X X
23 Restricted Areas Stickers X X X X X X X X X
24 IDs for Employees X X X X X X X X X
25 Safety Posters X X X X X X X X X
26 Safety Magazines X X X X X X X X X
27 Weekly Safety Reports X X X X X X X X X
28 Media Contribution in Safety X X X X X X X X X
29 Suspenders X X X X X X X X X
30 Heat Resistive Clothes X X X X X X X X X
25 5 25 5 25 5 23 7 11 19 17 13 16 14 25 5 13 17
0.67Safety Readiness Index = Available Items / Total Required Items
Input V Input VI
DescriptionSRL 
Table 3.8
                                                Analysis of Questinnaire # (3) - Availability of safety tools & equipment                                     
                     [Designed for PP Engineer & Employees]                                                          
Bahri Thermal Power Plant
Readiness
Input I Input II Input III Input IV Input VII Input VIII Input IX
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Avail No Avail Avail No Avail Avail No Avail Avail No Avail
1
Are safety regulations linked with the Labour 
Department and country laws X
2
Do you have safety department/division in your 
power plant X
3 Do you have greenhouse gases inventory X
4
Are hazardous areas marked or labelled with 
caution signs X
5
Are safety programmes to protect employees 
against fires and explosions available X
6
Do you you share safety experiences with other 
power plants X
7
Do you have a safe refugee area in case of 
emergency X
8
Do you offer safety award for safe working 
employees X
9 Do you report unsafe behaviours X
10 Do you issue safety tips X
11 Do you update fire extinguishers regularly X
12
Do you monitor personal behaviour of employees 
working in critical areas X
13
Do you have Fitness-for-duty programme for 
employees X
14
Do you have tests and backgrounds of contractor 
employees, if available X
15
Do you have links with secret police and 
intelagence X
16 Are university students envolved in safety studies X
17
Do you have precautions against vandalism from 
plant insiders X
18
Do you havre precautions against vandalism from 
plant outsiders X
19 Do you have Safety Manual for the power plant X
Total 19 14 5
Safety Performance Index = Ratio of Availabale Safety tools / Total Required Safety tools 0.74
QUESTIONNAIRE # 4 Analysis (FOR MANAGEMENT ONLY)
General Safety Issues
Bahri (Khartoum North) Thermal Power Plant
SRL DESCRIPTION Input IVInput I Input II Input III
 
 
 
Table 3.9 
 44
100% 75% 50% 25% 0%
1 Audiometric Test 0 100 0
2 Chest Check up 25 100 25
3 Vision Test 25 100 25
4 Workplace Safety Inspection 50 100 50
5 Safety Audit 100 100 100
6 Risk Assesment 75 100 75
7 Dry run Fire Drills 75 100 75
8 Safety Training 50 100 50
9 Safety inspection Patrol trips 25 100 25
10 Main gate Interance Control 75 100 75
11 Share of safety Experiences 0 0
(a) With other power plants 50 100 50
(b) With employees 25 100 25
(c) Employees & Management 50 100 50
12 Disnfection of common PPEs 25 100 25
13 Safety Records and filing 50 100 50
1500 700 0.47
100% 75% 50% 25% 0%
1 Audiometric Test 0 100 0
2 Chest Check up 0 100 0
Vision Test 25 100 25
3 Workplace Safety Inspection 25 100 25
4 Safety Audit 100 100 100
5 Risk Assesment 100 100 100
6 Dry run Fire Drills 75 100 75
7 Safety Training 50 100 50
8 Safety inspection Patrol trips 50 100 50
9 Main gate Interance Control 75 100 75
10 Share of safety Experiences 0 0
(a) With other power plants 25 100 25
(b) With employees 75 100 75
(c) Employees & Management 50 100 50
11 Disnfection of common PPEs 25 100 25
12 Safety Records and filing 100 100 100
1500 775 0.52
0.49
Input of Engineer 1
                  Questinnaire # (1) - Safety Activities -  Analysis, [ Designed for Engineers]                North 
West Sinnar Sugar Factory Power Plant
Safety Activity Implimentation rate in a Year
Safety Activity Implimentation rate in a Year
Input of Engineer II
Full mark Recorded Mark Safety IndexSafety Activity Item #
Average safety rating  Inputs of engineers I & II 737.5
Recorded Mark Safety IndexItem # Safety Activity Full mark
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Always 
(100 %)
Most times 
(75 %)
Sometimes 
(50 %)
rarely 
(25 %)
Never 
(0 %) remarks
1 Safety Shoes 18 4 5 7 8 4200 2525
2 helmet 10 4 2 6 15 5 NA 4200 1550
3 Eye Shield 13 0 8 4 11 6 NA 3600 1800
4 Eye Goggles 10 3 5 9 13 2 NA 4000 1700
5 Overall Dress 18 9 8 2 4 1 NA 4200 2925
6 Heat resistive Clothes 3 4 7 0 28 4200 950
7 Inspirator 7 10 14 9 2 4200 2375
8 Hand Gloves 7 9 6 5 14 1 NA 4200 1800
9 Ear Muffs 15 6 9 5 7 4200 2525
37000 18150 0.49
Number of power plant workers using Personal Protective equipment (PPE).
Safety Index For Personal protective equipment Usage 0.49
 Questionnaire  # (2) Analysis (Personal Protective Equipment Usage) 
For Workers
PPE UsageItem # Full mark
Recorded 
mark
Safety 
Index
                                          North West Sinnar Sugar Factory Power Plant
Total number of employees answered questions is 42
 
 
 
Table 3.11 
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SRL Description Available Not Available  Quantity Remarks
1 Air Monitoring System X
2 Pressurized Water System X
3 Automatic Fire Fighting System X
4 Sirens X
5 Loud Speskers X
6 Public Address Units X
7 Emergency Lights X
8 Tourches X
9 Lightbars X
10 Fire Extinguishers X
11 Fire Station X
1 Fire Alarm System X
13 Smoke Detectors X
14 Gas Detectors X
15 Audiometers X
16 Self-contained Breathing Apparatus X
17 Trained Fire fighters Employees X
18 Trained Searchers Employees X
19 trained evacuators Employees X
20 Trained Emergency Responders X
21 Pressurized Eye Washer Machine X
22 First Aid kits X
23 Restricted Areas Stickers X
24 IDs for Employees X
25 Safety Posters X
26 Safety Magazines X
27 Weekly Safety Reports X
28 Media Contribution in Safety X
29 Suspenders X
30 Heat Resistive Clothes X
23 7
0.77
Table 3.12
Safety Readiness Index = Available Items / Total Required items
Readiness
               Analysis of Questinnaire # (3) - Availability of safety tools & equipment                    
[ Designed for PP Management]                                                    
 North West Sinnar Sugar Factory Power Plant
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SRL DESCRIPTION YES NO Safety Index REMARKS
1
Are safety regulations linked with the Labour 
Departm ent and country laws X
2
Do you have safety departm ent/division in your 
power plant X
3
Do you have greenhouse gases inventory X
4
Are hazardous areas m arked or labelled with 
caution signs X
5
Are safety program m es to protect em ployees 
against fires and explosions available X
6
Do you you share safety experiences with other 
power plants X
7
Do you have a safe refugee area in case of 
em ergency X
8
Do you offer safety award for safe working 
em ployees X
9
Do you report unsafe behaviours X
10
Do you issue safety tips X
11
Do you update fire extinguishers regularly X
12
Do you m onitor personal behaviour of em ployees 
working in critical areas X
13
Do you have Fitness-for-duty program m e for 
em ployees X
14
Do you have tests and backgrounds of contractor 
em ployees, if available * *
15
Do you have links with secret police and 
intelagence X
16
Are university students envolved in safety studies X
17
Do you have precautions against vandalism  from  
plant insiders X
18
Do you havre precautions against vandalism  from  
plant outsiders X
19
Do you have links with specialized safety offices X
Total 18 9 9 0.5
*  There are no contractor employees
QUESTIONNAIRE # 4 Analysis (FOR MANAGEMENT ONLY)
General Safety Issues
North W est Sinnar Sugar Factory Power Plant
Safety Performance Index =  Availabale Safety tools /Total Required Safety tools 0.5
 
 
 
Table 3.13 
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Power Plant Safety Activity Required Rate (Full Mark)
Actual  Implementation 
(Average of PP 
Engineers Inputs)
Safety 
Implementation 
Rate
Remarks
Audiometric Test 100 18.75 0.19
Chest Check up 100 25.00 0.25
Vision Test 100 18.75 0.19
Workplace Safety Inspection 100 37.50 0.38
Safety Audit 100 18.75 0.19
Risk Assesment 100 18.75 0.19
Dry run Fire Drills 100 6.25 0.06
Safety Training 100 43.75 0.44
Safety inspection Patrol trips 100 0.00 0.00
Main gate Interance Control 100 100.00 1.00
Share of safety Experiences
(a) With other power plants 100 50.00 0.50
(b) With employees 100 43.75 0.44
(c) Employees & Management 100 31.25 0.31
Disnfection of common PPEs 100 0.00 0.00
Safety Records and filing 100 81.25 0.81
Average rate 1500 493.75 0.33
Audiometric Test 100 0.00 0.00
Chest Check up 100 21.88 0.22
Vision Test 100 3.13 0.03
Workplace Safety Inspection 100 21.88 0.22
Safety Audit 100 43.75 0.44
Risk Assesment 100 46.88 0.47
Dry run Fire Drills 100 62.50 0.63
Safety Training 100 68.75 0.69
Safety inspection Patrol trips 100 84.38 0.84
Main gate Interance Control 100 90.63 0.91
Share of safety Experiences
(a) With other power plants 100 18.75 0.19
(b) With employees 100 18.75 0.19
(c) Employees & Management 100 21.88 0.22
Disnfection of common PPEs 100 15.63 0.16
Safety Records and filing 100 25.00 0.25
Average rate 1500 543.75 0.36
Audiometric Test 100 0.00 0.00
Chest Check up 100 12.50 0.13
Vision Test 100 25.00 0.25
Workplace Safety Inspection 100 37.50 0.38
Safety Audit 100 100.00 1.00
Risk Assesment 100 87.50 0.88
Dry run Fire Drills 100 75.00 0.75
Safety Training 100 50.00 0.50
Safety inspection Patrol trips 100 37.50 0.38
Main gate Interance Control 100 75.00 0.75
Share of safety Experiences
(a) With other power plants 100 37.50 0.38
(b) With employees 100 50.00 0.50
(c) Employees & Management 100 50.00 0.50
Disnfection of common PPEs 100 25.00 0.25
Safety Records and filing 100 75.00 0.75
Average rate 1500 737.50 0.49
Safety Activities Analysis ( Questionnaire # 1)
NWSSF
Bahri
Garry
 
 
Table 3.14 
 49
Power Plant Item Description
Total Number of 
Employees Obliged to 
Use PPE
Actual Number of 
Employees Using 
PPE
Full Mark Usage Marks Usage Rate Comments
Safety Shoes 9 9 900 900 1.00
helmet 9 0 900 775 0.86
Eye Shield 7 3 700 225 0.32
Eye Goggles 9 5 900 175 0.19
Overall Dress 9 9 900 900 1.00
Heat resistive Clothes 9 0 900 0 0.00
Inspirator 9 8 900 525 0.58
Hand Gloves 9 9 900 500 0.56
Ear Muffs 9 9 900 650 0.72
Average rate 7900 4650 0.59
Safety Shoes 35 35 3500 3475 0.99
helmet 35 34 3500 3000 0.86
Eye Shield 17 7 17oo 400 0.24
Eye Goggles 31 22 3100 1500 0.48
Overall Dress 35 35 3500 3475 0.99
Heat resistive Clothes 18 4 1800 350 0.19
Inspirator 35 27 3500 1200 0.34
Hand Gloves 35 28 3500 1850 0.53
Ear Muffs 35 33 3500 2400 0.69
Average rate 25900 17650 0.68
Safety Shoes 42 34 4200 2525 0.60
helmet 42 22 4200 1550 0.37
Eye Shield 36 25 3600 1800 0.50
Eye Goggles 40 27 4000 1700 0.43
Overall Dress 42 37 4200 2925 0.70
Heat resistive Clothes 42 14 4200 950 0.23
Inspirator 42 40 4200 2375 0.57
Hand Gloves 42 27 4200 1800 0.43
Ear Muffs 42 35 4200 2525 0.60
Average rate 37000 18150 0.49
Garry
Bahri
NWSSF
Personal Protective Equipment Usage Analysis ( Questionnaire # 2)
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Who Said 
Available
Who said not 
Available Available Not Available Based on No. of Eng. Input
Based on Majority 
Assumption
1 Air Monitoring System 3 0 X
2 Pressurized Water System 3 0 X
3 Automatic Fire Fighting System 0 3 X
4 Sirens 2 1 X
5 Loud Speskers 0 3 X
6 Public Address Units 2 1 X
7 Emergency Lights 2 1 X
8 Tourches 2 1 X
9 Lightbars 1 2 X
10 Fire Extinguishers 3 0 X
11 Fire Station 3 0 X
1 Fire Alarm System 0 3 X
13 Smoke Detectors 0 3 X
14 Gas Detectors 0 3 X
15 Audiometers 0 3 X
16 Self-contained Breathing Apparatus 2 1 X
17 Trained Fire fighters Employees 3 0 X
18 Trained Searchers Employees 3 0 X
19 trained evacuators Employees 1 2 X
20 Trained Emergency Responders 0 3 X
21 Pressurized Eye Washer Machine 1 2 X
22 First Aid kits 2 1 X
23 Restricted Areas Stickers 2 1 X
24 IDs for Employees 2 1 X
25 Safety Posters 1 2 X
26 Safety Magazines 1 2 X
27 Weekly Safety Reports 2 1 X
28 Media Contribution in Safety 2 1 X
29 Suspenders 1 2 X
30 Heat Resistive Clothes 1 2 X
Total 30 45 45 16 14 0.50 0.53
Readiness Analysis - Availability of Safety Tools and Equipment -  (Questionnaire # 3)
Input of Three Engineers/Employees 
Engineers Input Based on 
MajorityNumber of EngineersDescription
          Availability              (Readiness Index)
SRL 
Garry Power Plant
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Who said 
Available
Who Said not 
Available Available Not available
Based on No. of 
Eng. Input
Based on Majority 
Assumption
1 Air Monitoring System 8 1 X
2 Pressurized Water System 9 0 X
3 Automatic Fire Fighting System 8 1 X
4 Sirens 7 2 X
5 Loud Speskers 7 2 X
6 Public Address Units 8 1 X
7 Emergency Lights 8 1 X
8 Tourches 6 3 X
9 Lightbars 6 3 X
10 Fire Extinguishers 7 2 X
11 Fire Station 7 2 X
12 Fire Alarm System 8 1 X
13 Smoke Detectors 9 0 X
14 Gas Detectors 8 1 X
15 Audiometers 4 5 X
16 Self-contained Breathing Apparatus 7 2 X
17 Trained Fire fighters Employees 7 2 X
18 Trained Searchers Employees 5 4 X
19 trained evacuators Employees 5 4 X
20 Trained Emergency Responders 5 4 X
21 Pressurized Eye Washer Machine 7 2 X
22 First Aid kits 7 2 X
23 Restricted Areas Stickers 7 2 X
24 IDs for Employees 8 1 X
25 Safety Posters 6 3 X
26 Safety Magazines 0 9 X
27 Weekly Safety Reports 2 7 X
28 Media Contribution in Safety 1 8 X
29 Suspenders 0 9 X
30 Heat Resistive Clothes 1 8 X
Total 178 92 24 6 0.66 0.80
Bahri Thermal Power Plant
Readiness
DescriptionSRL 
Number of Engineers Engineers input Based on Majority
       Availability        
(Readiness Index)
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SRL Description Available Not Available        Availability        (Readiness Index)
1 Air Monitoring System X
2 Pressurized W ater System X
3 Autom atic Fire Fighting System X
4 Sirens X
5 Loud Speskers X
6 Public Address Units X
7 Em ergency Lights X
8 Tourches X
9 Lightbars X
10 Fire Extinguishers X
11 Fire Station X
1 Fire Alarm  System X
13 Sm oke Detectors X
14 Gas Detectors X
15 Audiom eters X
16 Self-contained Breathing Apparatus X
17 Trained Fire fighters Em ployees X
18 Trained Searchers Em ployees X
19 trained evacuators Em ployees X
20 Trained Em ergency Responders X
21 Pressurized Eye W asher Machine X
22 First Aid kits X
23 Restricted Areas Stickers X
24 IDs for Em ployees X
25 Safety Posters X
26 Safety Magazines X
27 W eekly Safety Reports X
28 Media Contribution in Safety X
29 Suspenders X
30 Heat Resistive Clothes X
Total 23 7 0.77
Questionnaire # 3 - Readiness Analysis - (Availability of Safety Tools and Equipment)
Management Input
North W est Sinnar Sugar Factory Pow er Plant
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Who Said 
Yes Who said No Yes No
Based on No. of 
Managers Input
Based on Majority 
Assumption
1 Are safety regulations linked with the Labour Department and country laws 5 0 X
2 Do you have safety department/division in your power plant 5 0 X
3 Do you have greenhouse gases inventory 1 4 X
4 Are hazardous areas marked or labelled with caution signs 2 3 X
5 Are safety programmes to protect employees against fires and explosions available 3 2 X
6 Do you you share safety experiences with other power plants 2 3 X
7 Do you have a safe refugee area in case of emergency 1 4 X
8 Do you offer safety award for safe working employees 2 3 X
9 Do you report unsafe behaviours 4 1 X
10 Do you issue safety tips 4 1 X
11 Do you update fire extinguishers regularly 4 1 X
12 Do you monitor personal behaviour of employees working in critical areas 3 2 X
13 Do you have Fitness-for-duty programme for employees 3 2 X
14 Do you have tests and backgrounds of contractor employees, if available 2 3 X
15 Do you have links with secret police and intelagence 4 1 X
16 Are university students envolved in safety studies 2 3 X
17 Do you have precautions against vandalism from plant insiders 2 3 X
18 Do you havre precautions against vandalism from plant outsiders 3 2 X
19 Do you have Safety links with specialized safety offices 4 1 X
Total 19 56 39 11 8 0.59 0.58
Table 3.19
Garry Thermal Power Plant
Analysis of QUESTIONNAIRE # 4 Analysis (FOR MANAGEMENT ONLY)
SRL
General Safety Issues
Number of 
Managers
Managers Input 
Based on Majority
          Availability              
(Readiness Index)DESCRIPTION
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Yes No Yes No Based on No. of Managers Input
Based on Majority 
Assumption
1
Are safety regulations linked with the Labour 
Departm ent and country laws X
2
Do you have safety departm ent/division in your 
power plant X
3
Do you have greenhouse gases inventory X
4
Are hazardous areas m arked or labelled with 
caution signs X
5
Are safety program m es to protect em ployees 
against fires and explosions available X
6
Do you you share safety experiences with other 
power plants X
7
Do you have a safe refugee area in case of 
em ergency X
8
Do you offer safety award for safe working 
em ployees X
9
Do you report unsafe behaviours X
10
Do you issue safety tips X
11
Do you update fire extinguishers regularly X
12
Do you m onitor personal behaviour of em ployees 
working in critical areas X
13
Do you have Fitness-for-duty program m e for 
em ployees X
14
Do you have tests and backgrounds of contractor 
em ployees, if available X
15
Do you have links with secret police and 
intelagence X
16
Are university students envolved in safety studies X
17
Do you have precautions against vandalism  from  
plant insiders X
18
Do you havre precautions against vandalism  
from  plant outsiders X
19
Do you have Safety Manual for the power plant X
Total 19 14 5 0.74
Questionnaire # 4 Analysis - General Safety issues - (FOR MANAGEM ENT ONLY)
General Safety Issues
Bahri Thermal Pow er Plant
DESCRIPTIONSRL
Manager Input Managers Input Based on Majority Safety Index
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Yes No Yes No Based on No. of Managers Input
Based on Majority 
Assumption
1
Are safety regulations linked with the 
Labour Department and country laws 1
2
Do you have safety department/division 
in your power plant 1
3
Do you have greenhouse gases 
inventory 1
4
Are hazardous areas marked or labelled 
with caution signs 1
5
Are safety programmes to protect 
employees against fires and explosions 
available
1
6
Do you you share safety experiences 
with other power plants 1
7
Do you have a safe refugee area in 
case of emergency 1
8
Do you offer safety award for safe 
working employees 1
9
Do you report unsafe behaviours 1
10
Do you issue safety tips 1
11
Do you update fire extinguishers 
regularly 1
12
Do you monitor personal behaviour of 
employees working in critical areas 1
13
Do you have Fitness-for-duty 
programme for employees 1
14
Do you have tests and backgrounds of 
contractor employees, if available * *
15
Do you have links with secret police and 
intelagence 1
16
Are university students envolved in 
safety studies 1
17
Do you have precautions against 
vandalism from plant insiders 1
18
Do you havre precautions against 
vandalism from plant outsiders 1
19
Do you have links with specialized 
safety offices 1
Total 18 9 9 0.50
DESCRIPTIONSRL
Manager Input Managers Input Based on Majority
Questionnaire  # 4 Analysis = General Safety Issues - (FOR MANAGEMENT ONLY)
General Safety Issues
North West Sinnar Sugar Factory Power Plant
Safety Index
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Power Plant Questionnaire # Subject Safety Index Recorded Remarks
1 Safety Activities 0.33
2 Personal Protective Equipme 0.59
3 Readiness 0.51
4 General Safety issues 0.59
Average 0.51
1 Safety Activities 0.36
2 Personal Protective Equipme 0.68
3 Readiness 0.67
4 General Safety issues 0.74
Average 0.61
1 Safety Activities 0.49
2 Personal Protective Equipme 0.49
3 Readiness 0.77
4 General Safety issues 0.50
Average 0.56
0.56
Bahri
OVERALL SUMMARY OF THE FOUR QUESTIONNAIRES
Garry
NWSSF
Overall Safety Performance Index for the Three Power Plants is  
 
 
Table 3.22 
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3.2. FIELD SAFETY INSPECTION 
 
Through an official letter, Faculty of Engineering and Architecture requested 
managements of the three Power Plants under consideration, to  
approve and facilitate field safety inspection of the power plants. (A copy of the 
letter attached). The objectives of inspection are:-      
a. Awareness of the current safety condition of    
         power plants. 
b. Verifying questionnaires input. 
c. Checking the operational condition of the major                  
safety tools and equipment. 
d. Training and illustration. 
e. Documentation. 
 
 
3.2.1.  Inspection Procedure 
 
Table 3.23 shows the items to be inspected, for verifying their operational 
conditions, and who in power plant management is supposed to maintain, repair, 
update or handle them. Answers to questionnaires were considered when preparing 
this form. A detailed tour through each power plant was made, starting inspection 
from the control gate and ending with the way out through it. Some items were 
visually inspected. Others were operated to see their performance. Safety tools that 
need regular check up, update or recharging were also checked.  
Accompanied by a representative from each power plant and with an aid of a 
digital camera the three power plants – Garry, Bahri and NWSSF – were safety 
inspected. 
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Inspection Sheet 
 
The safety items of the sheet shown below are based on answers of the four 
questionnaires distributed. 
 
Item 
No Description Observations 
Recommended 
Action Responsibility 
1 Main Gate control    
2 Ways in    
3 Housekeeping    
4 Use of PPE    
5 Update of Fire extinguishers    
6 Distribution of Fire Extinguishers    
7 Self-contained breathing apparatus    
8 Emergency Exits    
9 Fire fighting Systems    
10 Gas/Smoke Detectors    
11 Emergency Lights    
12 Safety Media & Information    
13 Ways & Car Parking    
14 Restricted Areas    
15 Update of Safety Manual    
16 Validity of IDs    
17 First Aid Kits    
18 Common Safety Equipment    
19 Safety Signs & Labels     
20 Ways out    
 
Table 3.23 
 
3.2.2 Safety Inspection of Garry Power Plant 
 
Visitors to Garry Power Plant are asked to obtain official approval prior 
their visit to the plant. The main gate is well controlled and visitors are 
obliged from the start of the visit to put helmets on their heads before 
entering the power plant.  
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A companion from the power plant will be nominated to guide visitors 
inside the power plant and answer questions when required. A nice 
brochure with safety tips will be forwarded to visitors before they go 
inside the power plant. Although many safety requirements are not 
available, yet Garry power plant is far better - safety wise - if compared 
to others.   
(See table and photos below) 
 
Results of Field Inspection of Garry Power Plant 
 
Item 
No Description Observations 
Recommended 
Action Responsibility 
1 Main Gate control OK   
2 Ways in Not marked Mark with light reflecting paint Management 
3 Housekeeping OK   
4 Use of PPE OK   
5 Update of Fire extinguishers OK   
6 Distribution of Fire Extinguishers Inadequate More required Management 
7 Self-contained breathing apparatus Available Relocate Management 
8 Emergency Exits OK   
9 Fire fighting Systems OK   
10 Gas/Smoke Detectors OK   
11 Emergency Lights Inadequate Add more Management 
12 Safety Media & Information Less posters 
Add & increase 
sign boards Management 
13 Ways & Car Parking Not marked Mark with paint Management 
14 Restricted Areas Control room not marked 
Mark :Only for 
room employees Management 
15 Update of Safety Manual Not disclosed to employees 
Disclose and 
update annually Management 
16 Validity of IDs OK   
17 First Aid Kits OK   
18 Common Safety Equipment Shortage Complete Management 
19 Safety Signs & Labels  Shy Enlarge & highlight Management 
20 Ways out Not marked Mark Management 
 
Table 3.24 
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Photos Taken from Garry Power Plant 
 
Fig. (2), Main Gate of GPP, as can be seen, there are no traffic guide lines to direct drivers. 
 
 
Fig. (3). The symbol and text must be in a rectangle with green color background as per 
standards. The circle and the blue color are for mandatory signs. 
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Fig. (4). Speed limit should be on white back ground inside a red color ring 
 
 
Fig. (5). This sign is a procedure sign and should be in a rectangle with white and green colors. 
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Fig. (6). A nice fully automatic fire fighting system is available 
 
 
Fig. (7). Safety is firmly linked to quality control of works. (Poor fixation of a sign board ) 
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Fig. (8). First time maintenance is required 
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Fig. (9). Obstacles in walkways are not acceptable 
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Fig. (10). Complete revision of work is required 
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3.2.3  Safety Inspection of Bahri Power Plant 
 
Control gate of the power plant is well controlled. Visitors are allowed to go inside 
the power plant only after getting approval from authorities. 
 
 
Results of Field inspection of Bahri Power Plant 
 
 
Item No Description Observations Recommended Action Responsibility 
1 Main Gate control OK   
2 Ways in Not marked Mark Management 
3 Housekeeping Poor Restore Management 
4 Use of PPE 
Contractor 
employees do not 
use 
Urge to use Management 
5 Update of Fire extinguishers 
Do not depend on 
green color 
6 month update 
is a must Management 
6 Distribution of Fire Extinguishers Inadequate 
Increase & 
relocate Management 
7 Self-contained breathing apparatus Not available provide Management 
8 Emergency Exits Not clear Mark Management 
9 Fire fighting Systems Poor Upgrade Management 
10 Gas/Smoke Detectors Not applicable  Management 
11 Emergency Lights Not available Provide Management 
12 Safety Media & Information Poor Enhance Management 
13 Ways & Car Parking Ignored Mark Management 
14 Restricted Areas Not marked Mark Management 
15 Update of Safety Manual No safety manual Initiate Management 
16 Validity of IDs OK   
17 First Aid Kits Not updated Update Management 
18 Common Safety Equipment 
Eye wash out of 
order Repair Management 
19 Safety Signs & Labels Not available Fix Management 
20 Ways out Not marked mark Management 
 
 
Table 3.25 
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Photos Taken from Bahri Power Plant 
 
 
Fig. (11). No traffic guide lines 
 
 
Fig. (12). A safety hazard; draining steam in an exposed area 
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Fig. (13). Poor housekeeping and oil on the floor 
 
 
 
Fig. (14). Junk or repair equipment out of order. Cleanliness of area is a part of safety. 
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Fig. (15). Cable should be removed from walkway 
 
 
 
Fig. (16). Loose and scattered metallic pieces could cause injury. 
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Fig. (17). Manhole left open without warning sign 
 
 
 
Fig. (18). Oil sump barriers are not rigid enough. The steel ladder across it is very risky 
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Fig. (19). Portions of the drain channel left uncovered. 
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3.2.4 Safety Inspection of NWSSF Power Plant 
 
Here also field safety inspection was started by the main gate which proved to be 
well controlled. It was noted that the main way leading from the main gate to the 
power plant is not asphalted or paved, which makes it difficult for vehicles and 
equipment getting inside the factory during the rainy season.  
 
Results of field inspection of Sinnar Sugar Factory Power Plant 
  
Item 
No Description Observations 
Recommended 
Action Responsibility 
1 Main Gate control OK   
2 Ways in Very poor Construct Management 
3 Housekeeping Poor Rearrange all PP PP engineers 
4 Use of PPE Rare Purchase for all Management 
5 Update of Fire 
extinguishers OK   
6 Distribution of Fire 
Extinguishers Inadequate Increase & relocate Management 
7 Self-contained 
breathing apparatus Not available Provide Management 
8 Emergency Exits Not identified Mark Management 
9 Fire fighting Systems Not available Look for alternatives Management 
10 Gas/Smoke Detectors Not applicable   
11 Emergency Lights OK   
12 Safety Media & 
Information Not efficient enhance Management 
13 Ways & Car Parking Not available Reserve & mark Management 
14 Restricted Areas Not marked Adopt full policy Management 
15 Update of Safety 
Manual 
No safety 
manual Prepare Management 
16 Validity of IDs OK   
17 First Aid Kits OK   
18 Common Safety 
Equipment Not available provide Management 
19 Safety Signs & Labels Not Available Fix where necessary Management 
20 Ways out Very poor Construct Management 
 
Table 3.26 
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Photos Taken from Sinnar Sugar Factory Power Plant 
 
Fig. (20). The main road leading to the factory. Boilers section is on the right hand side. 
 
 
Fig.  (21). Boilers control room.  
 74
 
Fig. (22). Heaps of bagasse might be a cause for fire 
 
 
Fig. (23). Boilers section; better housekeeping is recommended. 
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Fig. (24). Boilers section; cleanliness and better housekeeping are required. 
 
 
Fig. (25). The way to the steam turbine 
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Fig. (26). One of the ways around boilers section 
 
 
Fig. (27). Steam turbine control  
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3.2.5 Results and Discussion 
 
As mentioned before, the safety inspection of the three power plants was witnessed 
by a representative from the power plant inspected. 
 
The result of the safety inspection has come inline with the result obtained through 
the questionnaires campaign launched; that it confirms the reality of the 
unacceptable safety condition of the three power plants. The result makes it clear, 
that an intensive work is needed to enhance safety inside power plants. 
 
3.3 NOISE AND SOUND LEVEL MEASUREMENT 
 
To evaluate effect of noise on employees in power plants, it is necessary to 
measure noise intensity or average sound level in the power plant.  Sound 
measurement falls into two broad categories; source measurement and ambient 
noise measurement. The first one focuses directly at the source of the sound, while 
the second focuses at the sound produced by different machines running in a 
confined area. If the employee is moving around in the work area and subsequently 
is exposed to different sound levels, then the best way to measure the sound level 
will be by using a noise-exposure monitor – known as dosimeter – which shall be 
worn by the employee throughout the working day. In this study we shall only 
make sound level measurement by noise source, and for fixed locations. For this 
purpose a Digital Sound Level Meter was purchased. 
  
With an aid and assistance of a specialist physician in public health (Dr. Mohd 
Omer Fadhl Allah) a procedure to measure sound levels in power plants was 
established. The procedure was based on the following points:- 
 
1. Selection of the sources of noise. 
2. Mechanical condition of the source of noise under test. 
3. Specifying the normal distance of employees from the source of noise 
while they are normally performing their jobs. 
4. Effect of noise transmitted to neighboring employees at other sections of 
the power plant. 
5. The distance and height from the source of noise, at which the digital 
sound level meter shall be placed for taking readings.  
6. Comparison of readings obtained with the standard levels of sound set 
by internationally approved occupational health authorities. 
7. Recommendations. 
After carrying out the above steps the following objectives will be achieved:- 
• Obtaining specific information about the noise level in the 
workplace. 
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• Developing outlines for engineering and administrative control 
of the noise. 
• Defining and marking areas where hearing protection is 
required. 
• Defining hazardous areas where audiometric test is required for 
employees. 
As mentioned in literature review, the duration at which employees are exposed to 
noise is a major factor of permanent hearing loss or hearing deficiency and 
impairment. The table below shows the permissible sound level exposure in 
Decibels with respect to the duration of sound in hours.  Readings of noise level 
obtained from power plants shall be compared to this table. 
 
Duration/Day (HRS) Sound Level (Decibels) 
8 90 
6 92 
4 95 
3 97 
2 100 
1.5 102 
1 105 
0.5 110 
0.25 115 
Table 3.27 
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3.3.1 Garry Power Plant 
The table shows actual sound levels taken at all work areas of Garry power plant.  
Source of the noise 
Mechanical 
Condition of 
the source 
Running 
hours 
Sound level 
(Decibels) 
Time of Tech Near 
Source(Hrs)* 
Gas Turbine OK 12 110 2 
Generator OK 12 107 2 
LCR OK 12 88 10 
CCR OK 12 77 10 
FCR OK 12 70 10 
Steam Turbine Hall OK 12 99 2 
Steam Turbine Room OK 12 100 2 
Cooling Water Pump House OK 12 95 2 
General Pump House OK 12 83 2 
Deminerlizing Plant OK 12 90 2 
Fuel Pump House OK 12 90 2 
Heat Recovery Steam 
Generator OK 12 95 2 
Demin. Control Room OK 12 80 2 
Cooling Tower OK 12 95 2 
Main Steam Turbine House OK 12 104 2 
 
LCR, Local Control Room. CCR, Central Control Room. FCR, Fuel Control Room 
*In case of maintenance or repair time beside running machines might exceed eight (8) hours 
Table 3.28 
3.3.2 Bahri Power Plant 
 
The table shows actual sound levels taken at all work areas of Dr M. Shareef power plant. 
Source of the noise 
Mechanical 
Condition 
of the 
source 
Running 
hours 
Sound level 
(Decibels) 
Time of Tech Near 
Source(Hrs)* 
Steam Turbine 1 OK 8 105 2 
Steam Turbine 2 OK 8 112 2 
Generator 1 Air Cooler OK 8 100 2 
Generator 2 Air Cooler OK 8 103 2 
Generator 1 OK 8 109 2 
Generator 2 OK 8 106 2 
High Pressure Heater 1 OK 8 97 2 
High Pressure Heater 2 OK 8 97 2 
Deairator (LPH) OK 8 82 2 
Boiler Feed Pump OK 8 95 2 
Condenser 2 OK 8 106 2 
Condenser 1 OK 8 100 2 
Steam Ejector OK 8 99 2 
Gland Steam Condenser Fan OK 8 99 2 
Force Draught Fan 1 OK 8 98 2 
Force Draught Fan 2 OK 8 98 2 
Water Drum OK 8 90 2 
Boiler Blow Down Vessel OK 8 94 2 
Steam Drum OK 8 88 2 
LPH, Low Pressure Heater 
*In case of maintenance or repair, time beside running machines might exceed eight (8) hours 
Table 3.29 
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3.3.3 Sinnar Sugar Factory Power Plant 
 
The table shows actual sound levels taken at all work areas of Sinnar Sugar power 
plant. 
 
Source of the noise 
Mechanical 
Condition of 
the source 
Running 
hours 
Sound level 
(Decibels) 
Time of Tech Near 
Source(Hrs) 
Main Steam Line Condensed 
Water Drain Defective 0.17 to 8 126 0.17 
Exhaust Steam Vent OK 0.17 111 0.17 
Turbine 1 OK 8 106 3 
Turbine 2 OK 8 104 3 
Turbine Control Room OK 8 86 5 
Super heater Safety valve OK 0.5 119 8 
Drum Safety Valve OK 0.17 119 8 
Induced Draught Fan OK 8 96 8 
Force Draught Fan OK 8 107 8 
Secondary Air Fan OK 8 102 8 
Bagasse Carrier/elevator Ok 8 93 8 
Bagasse Feed machines OK 8 92 8 
Feed Water Pumps OK 8 96 8 
Boilers operators area OK 8 107 8 
Boilers Control Room OK 8 82 6 
 
Table 3.30 
 
3.3.4  Comments 
All power plants under study have no sound level measuring devices or instrument. 
All turbines and generators areas recorded high sound levels,  
that means more care should be taken to monitor the hearing of maintenance teams 
in the three power plants and APAs (Auxiliary Plant Attendants) at Dr. Mahmoud 
Shareef power plant. Boilers operators area of Sinnar power plant, where operators 
stand continuously for eight hours is really hazardous area with sound levels 
extremely high ( 107 Decibels) and for long period. 
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3.4 MEETINGS WITH KEY EMPLOYEES IN POWER PLANTS 
      
 Meetings were held with key employees in the three power plants. Meetings 
aimed to sense the concern in safety in power plants. 
 
3.4.1  Garry Power Plant 
 
A meeting was held with the Safety Officer at Garry Power   Plant. 
Through that meeting the objective of this study was explained. The 
purpose of the four questionnaires was discussed, and the answering 
procedure of the questionnaires together with the way through which 
questionnaires shall be distributed was agreed upon.   
Through the second meeting, nine months later, the discussion 
focused at the Symposium organized by Generation Department of 
Electricity Corporation on 18 to 19 August 2004, [51]. The 
symposium was held to evaluate the conduct of Garry Power Plant in 
safety and industrial security. A copy of papers introduced in the 
Symposium was obtained.  
The Symposium is a real step forward to enhance safety inside 
thermal power plants. The safety issues introduced by Garry Power 
Plant to the participants of the Symposium cover most of articles 
associated with safety inside power plants, but no recommendations 
were set to match with the required level of safety, and the great 
number of safety issues forwarded for discussion. The followings 
points were of high importance to be considered in the Symposium:- 
 
i. Formation of a safety and industrial security department in the 
Electricity Corporation is a must. Placing this department 
within the organization chart of the corporation will strictly 
define responsibilities and levels of authorities inside power 
plants. Moreover, placing this department within the 
organizational chart of the corporation shall make follow up 
and accountability of safety activities formal. 
ii. Initiation of a Safety Procedure Manual for each power plant is 
the best way to describe, define and guide management and 
employees to a better performance in safety inside power 
plants.  
iii. Through this department, the relation between employees of the 
power plant and Sudanese Department of Labor and 
international corporations concerned in safety – like OSHA, 
HSE and ANSI – shall be made clear. 
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iv. The safety council proposed by the Symposium is not formed 
from personnel specialist and professional in safety. Safety 
Engineering is now a science by itself.  
v. Pollution was not given the care it needs in the Symposium, 
although burned fossil fuels in thermal power plants are the 
major cause for greenhouse gases formation. 
vi. The symposium did not give a methodology to reduce electrical 
power consumption, as this, is directly related to environment 
protection. 
vii. Quality control of work is strongly linked with safety but this 
was not considered in the Symposium. 
viii. It would have been a good will gesture if power plants of Sugar 
Cane factories were invited to attend this Symposium, as sugar 
factories produce about 90 MW of electricity in Sudan. 
ix. Insurance for the power plant and employees is directly linked 
to safety. The loss will be great if any damage or loss in the 
plant is traced to lack of safety procedures.   
 
3.4.2  Bahri Power Plant 
 
 In Bahri Power Plant a meeting was held with Abd Allilah 
Ibraheem Widaa, who is the Planning Manager and also 
responsible of safety inside the power plant.  The meeting 
discussed the answers received for the four questionnaires. The 
four employees in Bahri Power Plant who answered the nineteen 
questions in questionnaire # 4 – General Safety issues – and who 
said that  all issues under question are available,  their answers 
proved to be wrong. Questionnaire # 4 was forwarded again for an 
accurate answer to Planning Manager, and thankfully he answered 
it.  
 
3.4.3  North West Sinnar Sugar Factory 
 
 The answers received from employees working in the boilers 
section and the steam turbine section of Sinnar Sugar Factory, are 
quite enough to reflect the poor condition of safety in this power 
plant. The majority of employees interviewed, expressed their 
dissatisfaction of safety procedures and safety regulations 
implemented in Sinnar Factory. When this matter was discussed 
with Mohammed Mahmoud Adam, Production Manager of the 
sugar factory, he answered that, their main concern is the 
productivity. Nevertheless, it should be mentioned here that, the 
answers to questionnaires received from Sinnar Sugar Factory are 
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the most perfect and honest answers received. Nine (9) employees 
out of 42 – 21 % - working in boilers and steam turbine sections 
openly stated in the Remarks Column of the questionnaire that 
safety of employees is absolutely neglected in the power plant.  
Preparations to protect the power plant against fires and explosions 
are weak. The condition of traffic ways inside power plant makes it 
difficult for fire fighting trucks and fire fighting equipment to 
move smoothly inside the factory, and the situation will be worse 
during the rainy season. The heaps of bagasse accumulated out 
side boilers section are a real safety hazard. Hazardous waste 
material removal policy must be fully implemented to minimize 
risks for fire break out. 
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Conclusion 
 
Based on the four tools used to evaluate safety measures inside Thermal Power 
Plants in Sudan, the study results indicated the followings: 
 
1. The overall safety performance index – which is estimated to be 0.56 – is 
below the recommended safety index. 
2. Safety inside thermal power plants in Sudan is an issue of a great concern 
and requires the attention and direct intervention of higher authorities. 
3. A wealth of valuable information about safety in thermal power plants, were 
provided by the study, which can be used by the National Electricity 
Cooperation (NEC) to take further corrective actions to rectify the current 
situation.  
4. Other major achievements of the study included:  
 
? Highlighting the subject matter, and raising the awareness of 
administrations about safety aspects in power plants. 
? Identifying hazardous areas in the power plants and areas where 
corrective safety actions are required. 
? Providing the three power plants considered in the study with very 
useful data on noise level in the plants.  
? Identifying the employees who should be subjected to regular 
audiometric tests.  
? Identifying and specifying major safety tools, instruments and 
equipment that supposed to be available in power plants.  
 
Recommendation: 
 
Based on the study results, it is recommended to start an intensive safety awareness 
campaign to promote a safety cautious community in power plants. Such campaign 
is the responsibility of top management in power plants. The slogan (SAFETY 
FIRST & SAFETY IS THE RESPONSIBILITY OF ALL) should be the current 
motto of the power plants employees and administrations. Intensive safety training 
programmes, issuance of safety posters and brochures, incident reporting and 
filing, all together will help in creating the data base that can assists in promoting a 
safety cautious community. 
 
Reformation starts by placing an industrial security department in the organization 
chart of NEC and initiating a procedure manual for safe activities. Adopting this 
policy can help in making safety activities formal, accountable and obligatory.  
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5.  RECOMMENDATIONS 
 
Based on the results of questionnaires, the field safety inspections 
conducted and the meetings held with key employees, it can be plainly 
stated that; safety inside power plants, can only be enhanced by a 
breakthrough and direct intervention of the higher management of 
Electricity Corporation, by establishing basic rules, regulations and 
charts that can make safety activities formal. This is the first step to 
start with in order to enhance safety inside Sudanese thermal power 
plants.   
 
Recommendations are classified into two categories; common concerns and special 
concerns. Common concerns deal with subjects affecting safety in three power 
plants while special concerns deal with safety matters that are only applicable to 
each power plant.  
 
5.1   Common Concerns  
 
1.  Formation of Safety Department in Electricity Corporation 
              
       A safety Officer or a Safety Liaison Man is not enough to administrate 
safety inside thermal power plants. A complete and central Safety 
Department must be included in the Organization Chart of Electricity 
Corporation with a division in each power plant in order :-        
• To organize safety  performance inside power plant 
• To supervise safety performance of employees inside the power 
plant. 
• To keep records and make regular accountability for safety 
performance 
 
2.   Preparation of Safety Procedure Manual 
         
                 A Safety procedure Manual is a technical and administrative solution to 
all problems associated with safety inside and out side power plants, 
therefore, 
• The proposed Safety Department should lead each power   plant to 
prepare its own procedure manual and update it   annually. 
• Distribute procedure manual to all employees of the power plant. 
• Conduct training sessions to explain the procedure manual to 
power plant employees, contractor employees and employers, if 
any. 
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• Assure that all safety activities inside the power plant are 
performed with complete compliance to the work procedure 
prescribed in the safety manual. 
• Procedure Manual should strictly define levels of authorities in 
matters related to safety. 
• Share safety experience with Sudanese sugar factories, as a 
considerable electrical power is generated there. 
 
3.  Creation of a Safety Cautious Community inside Power Plants 
 
This can be achieved by focusing at the followings:- 
 
• Set monitors and indicators to evaluate safety performance inside 
the power plant. 
• Each section of the power plant should conduct a weekly safety 
meeting. 
• Issue a weekly safety message. 
• Make an annual celebration and offer a Safety Award or a Cup to 
the power plant that has the best records in safety.  
• Appreciate the conduct of employees who follow safety 
regulations and blame those who violate safety regulations. In this 
regard a form containing safety activities that each employee is 
obliged to adhere to – with respect to a definite number of 
working hours – can be designed to monitor and evaluate the 
safety behavior of employees.    
• Issuance of safety posters. 
• Disclose safety information to employers and employees by 
making a shared file for all power plants. 
• Enhance incident reporting. 
• Regular workplace inspection 
• Dry run fire drills. 
• Use Radio, Television and public address unit inside the power 
plant to air safety tips. 
 
4.  Set Safety Monitors and Accountability Procedures. 
• Tabulate all safety concerns. 
• Keep records for all incidents. 
• Design a form to give numerical values of safety   performance 
• Represent safety performance graphically.  
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5.  Monitoring Occupational Health of Employees in Power Plants 
 
•  Design a preventive medical services programme to       
         monitor health of employees. 
•  Conduct annual medical check up for employees. 
• Save records of medical check up. 
•  Urge employees to use personal protective equipment. 
 
 
6. Conduct risk assessment before starting any preparation or operation.  
  
7.  Fix safety signs in power plants where necessary, and comply to the 
standard shape and color of these signs. 
 
8.  Workplace cleanliness is required for all power plants. 
 
9.  Mark areas with 8-hours Time Weighted Average noise (TWA) with 
[NOISE HAZARD AREA]. 
 
10. Each power plant must have a fire fighting unit. 
 
11. Traffic inside power plants must have ground guide lines        painted 
on asphalted roads, with light reflecting paint. 
 
12. Good quality of personal protective tools and equipment is required. 
 
13. Report, collect and record all incidents and matters related to safety in 
order to establish data base for better analysis and forecast.  
 
5.2   Special Concerns   
 
5.2.1 Garry Power Plant 
 
• When fixing safety signs comply to standards of safety signs 
color and shape, (Fig. 3). 
• The sign board (Your Safety First ), is fixed in the proper 
place but it needs enlargement, (Fig 3). 
• Quality control is greatly linked to safety requirement; 
therefore reaffix all safety signs in power plant in a rigid way, 
(Figs. (7&8). 
• Mark with reflector paint parking areas and traffic lines, Fig. 
(2). 
• Safety inspection patrol trips are required. Do regularly. 
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• Dry run fire drills are required. Conduct regularly.  
• Regular safety inspection of workplace is required. 
• Safety tools and equipment not available in power plant must 
be provided. 
• Make a link with other organizations concerned in safety. 
• Observe personal behavior of employees to protect power 
plant from insiders. 
• Mark the following locations with NOISE HAZARD warning 
sign and urge employees at these areas to use ears plugs and 
ears muffs:- 
               i.  Gas turbine 
               ii. Generators 
               iii. Steam turbine hall on the ground floor 
               iv. Main steam turbine house on the first floor 
               v.  Steam turbine room on the second floor 
• Generators and turbines service and maintenance teams 
should undergo annual audiometric tests. 
• Noise hazard sign must conform to the standard shape and 
color of these signs. 
 
5.2.2  Dr. Mahmoud Shareef (Bahri) Power Plant 
 
• Preparations for fire fighting need to be installed in the power 
plant.  
• The pressurized eye wash machine in the water treatment unit 
– where chemicals are available - is out of order. 
• Contractor employees do not use safety gears. 
• Oil spills are on the floor at various places, and this will 
increase the risk of injury by the slippery condition created, 
Fig. (13). 
• Each manhole with cover removed, should be surrounded by 
barriers, otherwise cover should be put back, Fig. (16). 
• Good housekeeping is required. 
• All scrap materials and equipment must be collected in a 
reclamation yard, Figs. (16&17). 
• Mark the following locations with NOISE HAZARD warning 
sign and urge employees at these areas to use ears plugs and 
ears muffs:- 
1. Steam turbine 1 &2 
2. Generators 1 &2 
3. Generators air coolers 1 & 2 
4. High and low pressure heaters 
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5. Condensers 1 & 2 
6. Steam ejectors 
7. Gland steam condenser fan 
8. Force draught fans 
• Plant engineer, maintenance teams and Auxiliary Plant 
Attendants should undergo annual audiometric tests. 
• Signs for noise hazard areas should conform to the standard 
shape and color of these signs 
• Fire extinguishers must be sent for check up at least every six 
months. Do not depend on the fire extinguisher indicator when 
always resting on the green zone. 
• Only authorized personnel should be allowed to access the 
power plant control room. 
• Leaking steam is hazardous. Mark areas where steam leakage 
or drain exists with a warning sign, Fig (12). 
• Risk assessment is required before starting any operation or 
preparation. The steel ladder put across the oil sump as a 
bridge, is a safety hazard, Fig. (18).  
 
5.2.3  North West Sinnar Sugar Factory 
 
• Preparations for fire fighting need to be installed in the power 
plant.  
• Place a safety division or unit in the factory. 
• All area inside the factory must be asphalted and marked by 
reflector paint. The muddy land shall be an obstacle during 
the rainy season if an emergency incident occurred, Figs, 
(20&26). 
• Almost - 51 % - of boilers and steam turbine sections 
employees do not have personal protective equipment. 
• The big heaps of bagasse accumulated outside the factory is a 
safety hazard in the summer season, as it might be a cause of 
fire by self ignition. On the other side it might be a cause of 
diseases of the respiratory system of employees, Fig. (22). 
• Sugar cane factories can launch a campaign or a competition - 
country wide - for seeking ways through which bagasse can 
be exploited economically and efficiently. 
• Housekeeping is very poor and must be enhanced, Fig. 
(23,24,25). 
• Cleanliness of workplace is strongly required. 
• Broken walls of the boilers sections must be repaired. 
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• Assign a yard to collect materials, components, parts and 
equipment out of order. 
• Fix safety signs – as appropriate - in all hazardous areas in 
boilers and steam turbine sections. Mark the following 
locations with NOISE HAZARD warning sign and urge 
employees at these areas to use ears plugs and ears muffs:- 
a. Main steam line condensed water drain 
b. Exhaust steam vent 
c. Main safety valve for the super heater 
d. Main safety valve for the drum 
e. Induced draught fan 
f. Force draught fan 
g. Secondary air fan 
h. Bagasse elevator and carriers 
i. Bagasse feeder machines 
j. Feed water pumps 
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Appendices 
Appendix I,   (Letter from FOE&A to Power Plants managers.) 
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Appendix II 
 
 
 
1 Audiometric Tests 4 3 2 x 1 0
Remarks
 (Others, specify)
1 Audiometric Tests 4 3 2 1 0
2 Chest Check up 4 3 2 1 0
3 Vision Test 4 3 2 1 0
4 Workplace Safety Inspection 12 6 4 2 0
5 Safety Audits Regularly Most times Sometimes Rarely None
6 Risk Assesment All activities For most For some  For few For none 
7 Dry run fire drills Regularly Most times Sometimes Rarely None
8 Safety training Regularly Most times Sometimes Rarely None
10 Safety inspection patrol trips Daily Weekly Monthly Anually None
11 Main gate interance control All times Most times Sometimes Rarely None
13 Share of safety experience
(a). With other Power Plants always Most times Sometimes Rarely None
(b). with employees always Most times Sometimes Rarely None
(c)Employees & management always Most times Sometimes Rarely None
14 Disinfection of common PPEs always Most times Sometimes Rarely None
15 Safety records and filing Regularly Most times Sometimes Rarely None
QUESTIONNAIRE # 1 (Safety Activities)
SRL #
Dear engineer/employee, this questionnaire is a major part of a post graduate study concerned in safety inside Sudanese electrical power plants, supervised by Faculty 
of Engineering and Architecture of University of Khartoum. Your assistance in answering the questions below accurately is appreciated, as it will strongly help in coming 
up with  accurate results.
Please rate each activity mentioned in the second column by putting the mark (x) on the empty box at the right side of each column.
Example: If you carry out Audiometric test for employees two times a year then, mark as shown below. If your input is diferent, specify it in the last column. 
SAFETY INSIDE SUDANESE ELECTRICAL POWER PLANTS
Implementation Measurement
Supervised by Dr. Mohammed Ahmed Siraj, Faculty of Engineering and Architecture, University of Khartoum
100% 75% 50% 25% 0%
Number of Safety Activities 
Conducted per Year
Prepared by Engineer: Abdalla Mohammed Ahmed. Phones 012231654, 528213 and 096638586933, fax 096638576032 
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 III xidneppA
  
  اﻟﺴﻼﻣﺔ داﺧﻞ ﻣﺤﻄﺎت اﻟﺘﻮﻟﻴﺪ اﻟﻜﻬﺮﺑﺎﺋﻰ ﺑﺎﻟﺴﻮدان
  
  ادوات اﻟﻮﻗﺎﻳﺔ اﻟﺸﺨﺼﻴﺔو اﺳﺘﺨﺪام ﻣﻌﺪات : اﻻﺳﺘﺒﻴﺎن اﻟﺜﺎﻧﻰ
  
  اﺧﻮاﻧﻰ اﻟﻜﻬﺮﺑﺎﺋﻴﻮن و اﻟﻌﺎﻣﻠﻮن و اﻟﻤﻴﻜﺎﻧﻴﻜﻴﻮن داﺧﻞ اﻟﻤﺤﻄﺔ،
  أﻟﺴﻼم ﻋﻠﻴﻜﻢ و رﺣﻤﺔ اﷲ
اﻟﻜﻬﺮﺑﺎﺋﻰ ﺑﺎﻟﺴﻮدان ﺗﺘﺒﻨﺎﻩ آﻠﻴﺔ اﻟﻬﻨﺪﺳﺔ و اﻟﻌﻤﺎرة اﻻﺳﺘﺒﻴﺎن ادﻧﺎﻩ ﺟﺮء ﻣﻬﻢ ﻣﻦ ﺑﺤﺚ ﻣﻴﺪاﻧﻰ ﺣﻮل اﻟﺴﻼﻣﺔ داﺧﻞ ﻣﺤﻄﺎت اﻟﺘﻮﻟﻴﺪ 
  ,آﻠﻤﺎ آﺎﻧﺖ اﺟﺎﺑﺎﺗﻚ دﻗﻴﻘﺔ ﻋﻠﻰ اﻻﺳﺌﻠﺔ ادﻧﺎﻩ آﻠﻤﺎ آﺎﻧﺖ ﻧﺘﺎﺋﺞ هﺬا اﻟﺒﺤﺚ اﻗﺮب ﻟﻠﺤﻘﻴﻘﺔ و ﻧﺤﻦ ﻧﻘﺪر ﻟﻚ ذﻟﻚ. ﺑﺠﺎﻣﻌﺔ اﻟﺨﺮﻃﻮم
  
. ﻤﻌﺪات و ادوات اﻟﺴﻼﻣﺔﻓﻰ اﻟﻤﺮﺑﻊ اﻟﻤﻨﺎﺳﺐ ﻟﻜﻰ ﺗﻮﺿﺢ ﻧﺴﺒﺔ اﺳﺘﺨﺪاﻣﻚ ﻟ( x)اﻟﺮﺟﺎء اﻻﺟﺎﺑﺔ ﻋﻠﻰ اﻻﺳﺌﻠﺔ ادﻧﺎﻩ ﺑﻮﺿﻊ ﻋﻼﻣﺔ 
  (. ﻣﻼﺣﻈﺎت)اذا آﺎﻧﺖ ﻟﺪﻳﻚ اﻳﺔ ﻣﻼﺣﻈﺔ او اﺿﺎﻓﺔ ﻳﻤﻜﻨﻚ اﺳﺘﺨﺪام اﻟﻌﺎﻣﻮد اﻻﺧﻴﺮ 
  _______________________(: اﺧﺘﻴﺎري)اﻻﺳﻢ 
  
   ﺗﻘﺪﻳﺮ ﻧﺴﺒﺔ اﻻﺳﺘﺨﺪام
  اﻟﺒﻨﺪ
 
داﺋﻤﺎ   اداة ﺳﻼﻣﺔ/ﻣﻌﺪة
 %(001)
  ﻏﺎﻟﺒﺎ
  %(57)
ﺑﻌﺾ اﻟﻮﻗﺖ 
  ( %05)
ﻧﺎدرا 
   %(52)
ﻻ ﺗﺴﺘﺨﺪم 
  (%0)
  ﻣﻼﺣﻈﺎت
    □  □  □  □  □  اﺣﺬﻳﺔ ﺳﻼﻣﺔ  1
    □  □  □  □  □  ﺧﻮذة  2
    □  □  □  □  □  درﻗﺔ ﻟﺤﺎم  3
    □  □  □  □  □  ﻧﻈﺎرة واﻗﻴﺔ ﻟﻠﻌﻴﻦ  4
    □  □  □  □  □  اﺑﺮول  5
    □  □  □  □  □  ﻣﻼﺑﺲ ﻣﻘﺎوﻣﺔ ﻟﻠﺤﺮارة  6
    □  □  □  □  □  آﻤﺎﻣﺔ  7
    □  □  □  □  □  ﻗﻔﺎزات  8
    □  □  □  □  □  ﻋﺎزل ﺻﻮت ﻟﻼذن  9
   
  ﻣﺤﻤﺪ اﺣﻤﺪ ﻋﺒﺪاﻟﺒﺎﻗﻲ ﺳﺮاج / ﺪاﷲ  ﻣﺤﻤﺪ اﺣﻤﺪ                                                        اﺷﺮاف اﻟﺪآﺘﻮرﻋﺒ/ اﻋﺪاد اﻟﻤﻬﻨﺪس
   ﺟﺎﻣﻌﺔ اﻟﺨﺮﻃﻮم  –                                                             آﻠﻴﺔ اﻟﻬﻨﺪﺳﺔ و اﻟﻌﻤﺎرة 456132210/312825: هﺎﺗﻒ
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Appendix IV 
 
SRL DESCRIPTION AVAILABLE NOT AVAILABLE
QUANTITY 
IF 
AVAILABLE
REMARKS
1 Air montoring equipment ڤ ڤ ڤ
2 Pressurized water system ڤ ڤ ڤ
3 Automatic fire fighting system ڤ ڤ ڤ
4 Sirens ڤ ڤ ڤ
5 Loud speakers ڤ ڤ ڤ
6 Public adress units ڤ ڤ ڤ
7 Emergency lights ڤ ڤ ڤ
8 Tourches ڤ ڤ ڤ
9 Lightbars ڤ ڤ ڤ
10 Fire extinguishers ڤ ڤ ڤ
11 Fire Station ڤ ڤ ڤ
12 Fire alarm system ڤ ڤ ڤ
13 Smoke detectors ڤ ڤ ڤ
14 Gas detectors ڤ ڤ ڤ
15 Audiometers ڤ ڤ ڤ
16 Self-contained breathing aparatus ڤ ڤ ڤ
17 Trained fire fighters employees ڤ ڤ ڤ
18 Trained searchers employees ڤ ڤ ڤ
19 Trained evacuators employees ڤ ڤ ڤ
20 Trained emergency responders ڤ ڤ ڤ
21 Pressurized eye wash machines ڤ ڤ ڤ
22 first aid kits ڤ ڤ ڤ
23 restricted area stickers ڤ ڤ ڤ
24 IDs for employees ڤ ڤ ڤ
25 Safety posters ڤ ڤ ڤ
26 Safety magazines ڤ ڤ ڤ
27 weekly safety report ڤ ڤ ڤ
28 Media contribution in safety ڤ ڤ ڤ
29 Suspenders ڤ ڤ ڤ
30 Heat resistive clothes ڤ ڤ ڤ
31 Others; use attached sheet ڤ ڤ ڤ
Superviswd by Dr. Mohammed Ahmed Siriaj, Faculty of Engineering & Architecture; University of Khartoum 
Dear engineer/employee, this questionnaire is a major part of a post graduate study concerned in safety 
inside Sudanese electrical power plants, supervised by Faculty of Engineering and Architecture of 
University of Khartoum. Your assistance in answering the questions below accurately is appreciated, as it 
will strongly help in coming up with  accurate results.
QUESTIONNAIRE # 3 (AVAILABILITY OF SAFETY TOOLS/INSTRUMENT/EQUIPMENT/PROGRAMMES)
SAFETY INSIDE SUDANESE POWER PLANTS
Prepared by: Engineer Abdalla Mohammed Ahmed    Phones: 01223131654/528213/0096638586933
Please mark with (X) on the square corresponding to each activity mentioned in th second column
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Appendix V 
 
SRL DESCRIPTION YES NO OTHERS REMARKS
1
Are safety regulations linked with the 
Labour Department and country laws □ □
2
Do you have safety department in your 
power plant □ □
3
Do you have greenhouse gases inventory □ □
4
Are hazardous areas marked or labelled 
with caution signs □ □
5
Are safety programmes to protect 
employees against fires and explosions 
available
□ □
6
Do you you share safety experiences 
with other powe plants □ □
7
Do you have a safe refugee area in case 
of emergency □ □
8
Do you offer safety award for safe 
working employees □ □
9
Do you report unsafe behaviours □ □
10 Do you issue safety tips □ □
11 Do you update fire extinguishers regularly □ □
12
Do you monitor personal behaviour of 
employees working in critical areas □ □
13
Do you have Fitness-for-duty 
programme for employees □ □
14
Do you have tests and backgrounds of 
contractor employees, if available □ □
15
Do you have links with secret police and 
intelagence □ □
16
Are university students envolved in 
safety studies □ □
17
Precautions against vandalism from 
plant insiders □ □
18
Precautions against vandalism from 
plant outsiders □ □
19 Do you have links with specialized safety offices □ □
Supervised by Dr. Mohammed Ahmed Siraj, Faculty of Engineering & Architecher, U of K.
Dear engineer/employee, this questionnaire is a major part of a post graduate study concerned in safety inside Sudanese electrical power plants, 
supervised by Faculty of Engineering and Architecture of University of Khartoum. Your assistance in answering the questions below accurately is 
appreciated, as it will strongly help in coming up with  accurate results.
SAFETY INSIDE SUDANESE POWER PLANTS
QUESTIONNAIRE # 4 (FOR MANAGEMENT ONLY)
Prepared by Engineer Abdalla Mohammed Ahmed Phones, 528213, 096638586933, 012231654
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Appendix VII 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
